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Abstract

Textile companies are trying to move towards a more circular business model with
the aim of benefiting businesses as well as mitigating significant environmental
damages and climate changes caused by clothing production, consumption and
waste generation. Taking the current scenario into account, The primary goal of
this research was to discover and analyze the existing challenges that companies
are facing, including the challenges related to maintaining material quality as well
as technical and infrastructural limitations in pursuing the circular economy
approach. This paper also attempted to explore possible means to overcome the
difficulties by exploring sustainable options in raw materials selection and more
systemic approaches which may have good potential to shift towards a circular
economy. Subsequently, the report is outlined by defining certain proposals for a

product base in order to support the transition to a circular economy.



1. Introduction

A large number of people, including myself, tend to purchase more cloths than we
actually require and when our T-shirt costs less, we usually do not hesitate to
throw it out just because it is discoloured, or it is not bright anymore. Every year,
an estimated 26 billion pounds of textiles and cloths are thrown away in landfills.
Based on the forecast from the “Global Fashion Agenda” as well as the “Boston
Consulting Group”, if this waste generation continues, then the clothing waste will
reach 148 million tonnes by 2030.“ McKinsey research presents that the global
clothing sector is responsible for greenhouse gas release of around 2.1 billion
metric tonnes in 2018.

A circular economy in the textile industry portrays a mechanical framework that
produces neither waste nor contamination with the help of renovating materials to
circulate inside the production and utilization framework for as far as it might be
feasible, then it leads these materials back into the biosphere to recover the
normal capital.” But, instead of following this model, over the many years with the
help of industrialization, we humans adopted the traditional linear approach: we
take, we make and we dispose.” Even though the circular economy movement

already started, but the global economy could only achieve 8.6% circularity so far.

Over half a century ago, Kenneth E. Boulding in his monumental paper, “The
Economics of the Coming Spaceship Earth” attempted to demonstrate these two
models metaphorically. In that paper, the “Cowboy economy” was mentioned as
our current industrial (open) economy which behaves as if we have unlimited
resources, on the other hand, “spaceman economy” as a more closed economy
where the earth will be a single spaceship with limited reserves.” Therefore, to

benefit business, economy, society and most importantly the environment, the new




economic system — the circular economy has been introduced. Its intention is to
solve both environmental problems and problems associated with the economic
process.” Circular economy responses to a basic question: How we will keep most
of the lost value in our conventional system and within this concept, we try and
notice ways in which to make loops in this linear model to hold that value.” The

textile and clothing sectors are the key focuses of the circular economy.

1.1. Objective
With regards to the circular economy, we have to be planning for core raw
materials, for example, fibres, colours, chemicals and plastics for packaging that
are durable, contain no harmful substances and can be additionally handled in
cycles after consumption. Having these in mind, the main motivation of this project
comes to investigate the current difficulties and possible ways to overcome these
difficulties with available possible techniques to avail textile industry with the
circular economy with a particular focus on a basic complete T-shirt’s raw
materials. Because there are still challenges in designing and selecting materials
for even a basic garment. For example, the consumption of man-made cellulose
fibres like ‘viscose’ and ‘lyocell’ has grown significantly in recent years.'” Two-
thirds of this amount are created from petrochemical raw material like polyester
and polyamide where cotton is one-fifth of it."" At the same time, even though
plastic packaging, especially polybags still make up a relatively small amount of
the total effect of a garment lifecycle, there is a growing focus on the reduction of
it. Therefore, these raw materials should be the key issues to focus on in order to
get this unsustainable industry transitioned to a circular economy. Simultaneously,
there will be attention paid to figure out the potential available sources that may
have the ability to reduce the difficulties that concerned parties are facing to get
the circular economy model into their business. To fulfill the objective of the

research project below questions ought to be answered.




= What are the current challenges to bring a “Basic T-shirt” back into the
circular economy?
=  What are the current as well as the best possible means to overcome the
challenges in applying the circular economy approach?
o What approaches should be taken to promote the circular economy
in reducing toxicity impact from textile chemicals?

o What sustainable material options are available?

This paper will not only explain the challenges and solutions but also will help to
understand how the different life cycles of raw materials act in the circular
economy concept. The field of the circular economy is extremely wide and this
paper will simply have the option to work on a fraction of it.

1.2. Methodology
As the textile industry is considered the second most polluting industry on the
earth, this research will focus on it.'# To carry out the objectives, this research
paper will start with some background. Then it will analyze the current key
challenges and challenges for a circular economy in the clothing industry as well
as on the environment and society taking a product model into consideration. Then
it will analyze various measures that are available and being practiced in this
industry to contribute to the circular economy. Various organizations have been
examined concerning their plan of action towards the circular economy. To obtain
the necessary information, this paper utilized online company information as well

as inputs from literatures review.

2. Background

The current society with progressive awareness about ecological circumstances
and limited resources play significant functions in incorporating sustainable and
socially responsible business models in the decision choice of organizations.

This paper goes on the horizon discussing the background of circular economy




which is a necessity to understand the growing world with economic development

by saving resources.

21. Linear economy
For a better insight of the concept of the circular economy, it is essential to have
some fundamental information as to our current linear economic model. The
expression “linear economy” is actually being used as the counterpoint of the
circular economy.'” That is the reason, in several publications, both models are
mentioned together to distinguish between these competing ideas; one as highly
effective but unsustainable, that is the linear economy and another one is highly
efficient and also sustainable; which is the circular economy.'> Suppose, there are
boundless materials and then the linear model would work efficiently without
affecting the environment; unfortunately, it has been realized that it is not
sustainable, as materials are limited and they are getting scarce and has negative
consequences for our world. The textiles industry depends on non-renewable
resources which include oil, chemicals, fertilizers and so forth. This sector
additionally uses around 93 billion cubic meters of water yearly which adds issues
in some water-scarce areas.'® Because of its low rates of usage and low levels of
recycling, the current economy is having tremendous pressure on resources.'’ In
this linear economy, we are extracting raw materials from nature, transforming
them to obtain end-products and then throwing them away which leads to waste

too.

2.2. Circular economy
Our current activities have big effects on the deterioration of the socio-ecological
environment and since the linear industrial model of today can be seen as a
primary driver of this problem, it suggests a need for a model that is more
consistent with the cyclical nature of our dynamic planet. A circular economy is an

idea that seeks to have such a model. It can be said, that the idea of circularity is




as old as time itself since it is always active in this way in our world; as natural
material has always been produced and reproduced ever since life first appeared
on the Earth."” Due to a circular biological process, nothing is wasted by forming a
continuous cycle but in the last 200 years due to the industrial revolution, we
started operating according to a linear model which in turn causing problems.

The transformation to a circular economy could return us to where we started as
well as arrange our economy in such a way that reflects nature. According to a
study, carbon dioxide (CO2) emissions could be reduced by adopting the circular
economy; also, it has the potential to create additional jobs in the future.”' This
development strategy involves a structured and modernized transformation of
production processes and patterns of consumption, systemic changes and
innovations in economic growth without increasing the utilization of energy; it is
such an economy where the value of products and materials is maintained as long
as possible.”* The most accepted definition of circular economy has been
introduced by the Ellen MacArthur Foundation as a restorative or regenerative

economy by intention and design.

The circular economy relies on the following three fundamental principles given by
Ellen MacArthur Foundation:

Principle 1: Improve and maintain natural capital by managing limited resources
and balancing flows of renewable resources.

Principle 2: Optimize resource yields by distributing products and materials with
their maximum value.

Principle 3: Encourage the efficiency of the frameworks by identifying and

disposing of negative variables from the design.




2.2.1. Origins and concepts

Even though it is not possible to trace a single root, date or author of a circular
economy concept, there is evidence that this theory has been picking up interest
since the late 1970s.7> There are some authors, like Andersen, Ghisellini who
contributed more to this concept by showing how our natural resources attributed
their support towards the economy by supplying inputs for production including
acting as a sink for waste.”® However, the major boost in the advancement of this
concept was attributed to the economic study of the Ellen MacArthur Foundation in
2012, which included the circular economy concept; this organization researched
theories like “Cradle to Cradle”, “Biomimicry” and “Industrial Ecology” that seek to
provide solutions for environmental degradation and unregulated aggressive
consumption growth.“” There are other major schools of thought which include the
“Cradle to Cradle” design ideology of William McDonough and Michael Braungart;
this term also used by economists David W. Pearce and R. Kerry Turner in 1990;
and the “blue economy” approach by Gunter Pauli to connect and combine
disparate environmental problems. There are two more terms often used within the

field of the circular economy are mentioned below.

.  Recycling: Upcycling and downcycling
It is possible to consider recycling as an umbrella term for upcycling and
downcycling. Upcycling is a mechanism in which, in their second life, recycled
materials are transformed into an object of greater worth and It is accepted as an
assuring way of reducing the use of resources and creating sustainable
consumption.“® On the other hand, downcycling is a way of tearing down a product
to its raw content and creating a new product, typically of lower quality than the
initial product; in other words, making something of less value out of a product of

greater quality.




ll. The waste hierarchy
The Waste hierarchy is an instrument used in the assessment of processes that
preserve the environment alongside energy and resource consumption.”” The
hierarchy determines desired program goals based on sustainability.*° Below
figure 1 illustrates a common waste hierarchy going from most favorable to least
favorable actions.
Reduce waste generation

and harmful components in
products

Reuse/re-manufacture end-
of-life products and prepare
waste for reuse

Reprocess waste for use as a
secondary raw material for a
new product

© Use waste as fuel in energy
production

5 Landfill and incinerate waste
Disposal  without energy recovery

)

Figure 1: The waste hierarchy

(Source: Adapted from “Organisation for Economic Co-operation and Development-OECD”, 2020)

3. Circularity in the clothing industry

People have become more aware of the clothing industry’s environmental
consequences in recent years, forcing manufacturers, retailers and brands to
reduce their environmental footprint. Since this industry is one of the biggest
polluting industry, it is high time to adopt durable, high quality and designed based
cloths which could be incorporated with a business model to withdraw from the
take-make-dispose linear system. In the circular economy, clothing is not being
discarded fully and since resources can be used repeatedly, they usually keep
their value in the clothing chain. Fashionable, vintage, high-quality and fibre

collection for recycling are some of the ways to flourish more towards this system.

29 Cf. Online: Hansen, Christopher, & Verbuecheln (2002)
%0 |bid.



To be circular, it is also important, that the whole supply chain of the clothing
industry needs to be modified by changing the way products are designed,
manufactured, consumed as well as the way businesses are conducted.
Moreover, to be more precise, circularity in clothing is not only about just recycling,
but it is also about achieving original value by increasing utilization in every step of
the life cycle.”" In below figure 2, circularity is shown as taking every step into

consideration.

Spinnin
Preparing Fiber £ 9

Design Dyeing & Finishing

<>
Material selection ‘ .‘ ‘ Knitting
T

Assembling

Reuse/Recycling

Retail/Service/
Consumption

Collection & Sorting
Repairing

Disposing Consumption

Figure 2: Circularity in the clothing industry
(Source: Adapted from “The European Apparel and Textile Confederation, 2020” and “European
Clothing Action Plan, 2019”)

3.1. Circularity in fibre
Clothing is a lifelong item in our daily life. Millions of people are buying cloths but
without thinking regarding the aftermaths. Clothing production has also been
multiplied in the last 15 years and the number of wears has been decreased by
36% per garment.”= This is truly not a circular way. Thus, this natural aftermath of
the existing trends of production and use of clothing is increasing the demand for
fibres creating swelling volumes of waste in return.”” With a variety of raw
materials, trims and accessories, a T-shirt can be made and packed for end users,

which have to be processed before recycling. Therefore, it is important to know




how many types of material like fibre from a T-shirt can be recycled before it
losses its ability to be transformed into new fibre or yarn. simultaneously, natural
fibre materials are being blended and twisted with synthetic fibres making the
recycling process more complicated. Considering a circular approach industry can
collect that waste, tear or melt it down into polymer and reconstruct it up to a new

fibre which would be the vital action for reducing the effect of textile industry.

3.2. Circularity in Chemical
It is possible to describe nearly any substance on this planet as chemical, from
rivers to streams, gold and even sugar. But, industrially produced chemical
compounds are referred to here which are originated in a laboratory or through
some sort of industrial process. The chemistry is intimately linked to the textile
industry. More than 8000 different chemicals are known to be used by the textile
industry for various types of purposes.” The significant concern here is the use
and release of toxic chemicals from fibre and clothing production, which is leading
to health and environmental impact caused by the emissions of these chemicals.
Hazardous chemicals in the waste can obstruct progress toward a circular
economy.”” It should be ensured that chemicals especially hazardous ones are
properly recycled but on the other hand, recycling chemicals would be easier if
clothing is produced without hazardous chemicals in the first place.”® The overall
objective should be to assess and remove hazardous chemicals from the total
value chain as much as feasible, discover ways to recover or recycle the
chemicals and find out harmless substitutes that can bring the same properties in

the product.

Chemicals have various types of functions in a large number of different types of
operations in textile manufacturing. Despite the fact that the textile industry uses a
large number of chemicals, it is necessary, and it should be possible to categorise

these chemicals based on their functions. °° And, since chemicals are at the heart




of the circular economy,”” categorising the chemicals may help to understand and
manage these chemicals as well as eventually, achieve circular economy

principles. The major categories are as follows:

i.  Functional chemicals: Chemicals that are either man-made or derived from
nature and have specific functions.

ii. Residues from the production process: Chemicals that are either man-made
or derived from nature and do not have any functionalities in the final
product.

iii.  Impurities: Chemicals that are produced unintentionally by humans or

nature.

3.3. Circularity in plastic packaging
Plastic is inseparably connected to industrial pollutions, carbon dioxide (CO2)
emissions and other concerns; the problem is not necessarily with plastic, it is with
the way industry is dealing with it. Plastic is light, takes less energy to produce and
transport. But the waste produced by the use of plastic that only stops at the end
in the oceans or landfill sites is creating problems. It is predicted that plastic waste
will surpass the total weight of fish in the sea by 2050.”" This plastic problem is
rising noticeably even more in the current pandemic situation; we are shopping the
cloths including other supplies online which is causing more stacked up plastic
packaging than ever these days. Getting this valuable material usage in the
circular economy practice should be a wise decision where it is possible to reuse,

recycle or even compost it.

Polyethylene or polythene (PE) is the most commonly used plastic, a mixture of
similar polymers of ethylene. There are many varieties of polyethylene, but “low-
density polyethylene (LDPE)”, “linear low-density polyethylene (LLDPE)” and
“High-density polyethylene (HDPE)" are the most important ones.”* LDPE is
flexible and tough; LLDPE is very flexible, has higher tensile strength, impact

10



resistance; HDPE is more hard and has higher tensile strength than LDPE."> While
considering plastic packaging or polybag in the clothing industry, most of the
polybags are made of LDPE"* and to some extent the LLDPE. In the fashion
industry, the use of plastic bags is everywhere, about 180 billion of which are
made annually for packaging, transporting and protecting cloths and other fashion
items; unfortunately, only around 15 percent of all polybags are obtained for
recycling.”> Now, recycling is just one option for these plastic waste issues, there
are other alternatives, for example, reusing, energy recovery by incineration or use
of degradable, biodegradable or compostable plastic bags. Some brief
descriptions of each term are given below to comprehend the differences among
them.

a) Reusable Packaging
There is a growing emphasis on the benefits of reusable packaging, but there is
still a potential gap among end-customers, retailers and clothing manufacturers
due to the lack of returnable solutions at a large scale. Achieving high returns of
plastic packaging from customers is a challenge, at the same time, sending these
plastic polybags back to the clothing manufacturing sites covering long distances

may not be much practical solution to most retailers.

b) Recyclable Packaging
As a sustainability practice, the most typically used form of packaging is recyclable
packaging these days; Usually, the collected plastic waste is separated
mechanically and/or manually into different plastic forms and then extruded and

pelletized to be molded to be new recycled plastic polybags.

c) Degradable Packaging
Degradable plastic bags are produced from plastic with other additives used to

break the plastic down over time when exposed to external stimuli for example
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sunlight.”® Different forms of degradable plastics are currently available; each
responds to the disposal environment differently and degrades by different

mechanisms. It is possible to categorize degradable plastic into two ways:

I. Depending on the degradation way; for example, whether they need heat,
ultraviolet light, mechanical stress or water to break down or whether they
need microorganisms to degrade, i.e., Oxo-biodegradable,
Photodegradable, Compostable, Biodegradable, etc.

Il. Depending on the material source; for example, whether they are produced
from natural starch polymers, synthetic polymers or mixed with an additive

from traditional polymers in order to degrade.

4. Product design: A branded T-shirt

Our traditional design strategy focuses on producing more, selling more and often
even obsolescence is planned for a product in order to create space for brand new
products, even though the initial product could be used for long. Circular design
finds a way to manufacture products with optimal materials to deliver the highest
value while minimizing the detrimental effects over the entire life cycle.”” To make
this possible, products and materials should be designed and chosen in such a
way so that they can be easily disassembled, recycled or reused. A T-shirt is such
a simple piece of clothing but designing this product for a circular economy is an
inescapable step that is significantly important to ensure its reutilizing and
recycling. Simultaneously, If a T-shirt is made of organic cotton or recycled
material, it does not necessarily mean that this T-shirt is sustainable; the way it
was designed and produced plays a significant role here.”" Thus, proper designing
can help to minimize the negative social and environmental effects during the
value chain and in the end, less product will join the waste stream. The followings

are some approaches to be applied in circular product designing.
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4.1. Design for longevity and circularity
A t-shirt intended to be circular must be designed with its material longevity and
circularity in mind. Designing for longevity means to expand the active lifetime of a
complete cloth, comfortability, durability, reparability, and enduring design which
should be concentrated here.”* Fibre composition significantly affects an item's life
span and cyclability and in terms of durability, fibre’s strength, abrasion resistance,
odor, stains and tears which need to be considered here to work on the further
design process.”” Designing for circularity explores the opportunities to keep the
product materials in utilization state, rather than letting the materials end in landfills
after its use phase.”* The first step would be pointing out each material of a
product, like fibre, sewing thread, button, patch, dyes, additives, packaging
materials and so on and then consider how each material can be processed for
reuse or recycle. Thereby, it is essential to design a product that can be recycled
easily.”” Transparency also needs to be maintained to speed up the sorting
process of the materials. In order to make a reasonable design decision, the time
span of materials circularity needs to be considered as well.”® At the same time,
since mixed fibre recycling and biodegradability are still limited, the choices of

material would have a huge impact on the ecosystem.

4.2. Choice of materials
Materials choice is usually prepared while developing the product to know what
type of yarn, fabrics and other trims should be used. Since different fibres and
other materials are made from different resources, that is why those will have
different impacts on the environment and climate. Sustainable fibre manufacturing
and making sure of choosing safe materials are the key concerns here in the
choice of materials. Figure 3 below shows the comprehensive list of materials for a

T-shirt model which should be considered while choosing the right materials.
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Figure 3: Materials in a T-shirt
(Source: Adapted from Ellen Macarthur Foundation, 2016)

The “Bill of Material (BOM)” is an important item in achieving industrialization and

the manufacturing process in the circular economy-oriented clothing industry.>’

Below table 1 bill of material chart is developed based on industry experience on

T-shirts with a focus on possible fibre materials for yarn and sewing thread.

T-shirt Yarn Sewing thread
Option1  100% COTTON Cotton
Option 2 100% Polyester Core spun polyester
Option 3 100% Merino wool Filament polyester
Option4  100% Nylon
Option 5  Cotton/Polyester blend, e.g. 80%

COTTON, 15% POLYESTER, 5%

spandex Filament nylon
Option6 80% COTTON, 20% VISCOSE
Option 7 50% Polyester, 50% Nylon
Option 8  95% cotton, 5% spandex

Table 1: Bill of material for possible fibre types in T-shirts

(Source: Own analysis based on industry experience)

A specific bill of materials for a single T-shirt per gender can be found in Table 2. It

takes into account all the materials like blends of cotton, polyester and spandex

57 Cf. Online: Wearesustainn (n.d)
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and the accessories that remain on the T-shirt, for example, sewing thread, care

label, brand label, and so on.

Materials Men T-shirts(g) Women T-shirts(g) Babies T-shirts(g)
Cotton 122,25 114,55 71,59

Polyester 25,30 23,71 0

Spandex 0,40 0,37 0

Care label 0,60 0,60 0,60

Brand label 0,25 0,25 0,25

Sewing thread 1,60 1,60 1

Total weight 150,49 171,089 73,449

Table 2: Bill of material for a T-shirt model

(Source: Adapted from Product Environmental Footprint Category Rules, 2019)

A bill of material helps businesses with ways to track their development, analyze
environmental and supply chain risks as well as make sure that their product
materials’ characteristics fit in a circular economy-based business model.”® At the
same time, physical and chemical characteristics of the material effectively
leverage the transformation to circularity and these characteristics contain material
composition, elements, appealing value, financial value, unhealthy and degree of

impurity.

Raw materials selection plays a fundamental role in designing a t-shirt for a
circular economy. But using the aforementioned diversified raw materials in a
single product can cause challenges to achieve principles like reduce, reuse and

recycle which could shape the circular economy framework.

5. Challenges and barriers

In the progress towards the circular economy, the clothing industry seems to be

started progressing. But, even though, based on environmental and economic
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literature review, expert interviews from online and inputs gathered from
experience, a wide range of challenges and barriers could be recognized which
restrain the transition towards a circular textile economy. These are further

analyzed below.

5.1. Materials Purity
In general, purity in a material’s level can only be expressed to be more or less
pure than its original form. There is a significant escaping point in maintaining
materials purity because of the complexity of fibres and the reproduction of them
from different industries. Furthermore, the biggest potential challenges lie within
technology to recycle and reuse materials with unchanged quality.”" If the fibres
like cotton or wool are recycled mechanically, which included shredding the fibres
and reduce the material quality, there will be limited amount that can be reused in

clothing at the end.

5.1.1. Recycled Cotton

By far, cotton is the world's most well-known regular fibre where much of it is being
used for the clothing industry. Therefore, it would be a great deal, if a cotton T-shirt
can simply be recycled into new garments once its time is up. Regrettably,
recycling an old garment is not that simple. To convert to a new garment from an
old T-shirt, it needs to be chopped up. In general, ultimately, it degrades the
quality of the fibre, which means, only a limited amount of fibre can be reused or
recycled in clothing. Since the fibres get weaker during the mechanical process,
the industry usually blends it with other fibres to turn it into a new or virgin fibre
with the desired strength and resilience.”” Consequently, further recycling is not
possible from this blend. At the same time, not more than 30% of recycled cotton

can be added to a clothing product.

16



5.1.2. Managing mixed fibres

Blending fibres is a popular practice in the textile industry in favour of the specific
applications. It is actually done because of additional wearing comfort as well as a
good look for a long time. But the problem arises to reuse this mixed fibre due to
its complexity. To figure out how to isolate mixed fibre materials so they can be
reused separately by their own framework is one of the biggest challenges. For
example, a T-shirt that is 95% cotton and 5% spandex cannot be recovered from
landfills since it is difficult to separate spandex from cotton once they are attached
to each other with heat. On the other hand, recycling cotton-polyester blend first
comes with separating them, but ‘mechanically’ this is not an easy process and
even if it is done to close the loop as per circular economy, it will only be treated
as ‘downcycling’ because fibre will be shorter and weaker as it will lose its
strength.”> However, it can be achieved chemically by concentrating on its physical
polymers’ properties but there are drawbacks since this system is in limited
capacity currently and that is why this lack of enough chemical recycling

technologies leaves mechanical recycling as the only way for fibres to be reused.

5.1.3. Fibre contamination

The fundamental function of contamination is to decide the quality of fibre
especially cotton besides its other properties like fineness and strength. A single
contamination can downgrade the yarn, fabric and even the final product, which
may cause harm in the relationship among growers, spinners, buyers, retailers.
Fibre contamination causes wastage of fabric due to dyeing defects, also even if
the contamination is cleaned by processing the yarn, it may have an effect on
product quality and value later on.”” And having these issues, a product like T-shirt

cannot be treated as a circular product.

5.1.4. Additives
Many different types of additives are being launched every year enhancing the
material quality besides increasing materials complexity. For example, in the

textile fibre manufacturing process, fibre needs to be spun into yarn, this process
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needs certain chemicals like spinning oil and without this, the outcome of the
product will not be desirable. Hence, developing a pure material is also becoming
difficult after many cycles, specifically if the product is collected from different
sources and then it can contaminate others too. Moreover, bio-based fibres like
biopolymer fibres are also not necessarily biodegradable just because they contain

additives.

5.2. Recycling limitations
Recycling provides the potential for a circular framework through closing the cycle
between production and environmental components.®” And recycling in textile is
one of the oldest and most innovative sectors committed to the elimination of
textile waste from the solid waste stream in order to put it back to market as a new
product.’” However, there are some limitations in recycling clothing which are

described below.

5.2.1. Maintaining fibre quality

In terms of quality, a customer usually has the same expectation from a product
with recycled fibre as the regular product. But in multiple processes of
manufacturing and recycling, material quality cannot yet be maintained at its
original state. The fibre bonding properties always get weaker every time they are
recycled. As a matter of fact, the intrinsic nature of the recycling method creates
short-length fibres, non-uniformity, unopened, or partially opened fibres and further
imperfections.”’ As a result, fibre strength and elasticity decrease, sometimes it
might also get pilling effects and this situation mostly happens to cotton; also,
since the reproduction of fibre materials are increasing, it is actually getting difficult
to contain them in reverse chains which leads it to lower quality respectively.
Eventually, these issues restrain the recycled fibre production, for example, the
amount of collected textiles of high quality appropriate for recycling, has been

gradually decreasing, about 65% of accumulated post-consumer textiles was
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suitable for reuse about 20 years ago, but nowadays, this portion has now
decreased to 50%."° Furthermore, since recycled fibres are often associated with
lower virgin fibre content, consumers can often impede the molecular integrity of

the fibres by general wash and wear.

Textile recycling methods are categorized as mechanical, chemical and thermal
recycling. Below table 3 attempts to accumulate the mentioned negative effects of
these different recycling methods on the properties of the most commonly

produced and used fibres that is cotton and polyester.

Fibre types Effects of the fibre quality

Cotton = Mechanical recycling: Length of the fibres reduces,

which may limit the capacity for further recycling.

Polyester = Thermal recycling: Weakens the quality of the fibre at
the polymeric level.
= Chemical recycling: Quality of the end product is equal
to fibres from virgin polymer. But it is still unknown that
how many times it can be recycled further or if it is
limited to single process. Also, it is more expensive

process than the thermal recycling.

Table 3: Effects of recycling on fibre quality
(Source: Adapted from Heikkila et al.-2019)

The Blended fibre material is another challenge to deal with while approaching to
fibre-to fibre recycling. As already stated earlier that blended fibre is generally
practiced accomplishing specific application, this however makes them difficult to

purify in the sorting and separation process afterward.

5.2.2. Lack of technical skills
Currently, it is actually less expensive and easier for companies to utilize the

existing technology that they are already using and to take help from their
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suppliers in order to get technical support. That is why, those companies lack the
technical capacity to perform well to implement and further develop the more
specialized technical choices, which could have helped them to reduce the
ecological footprint, save costs and consequently proceed towards circular fibre
initiatives.”® On the other hand, currently, there is not enough infrastructure or

technology for large scale recycling processes of textile fibres.

5.2.3. Removing colours and persistent chemicals

Within the area of fibre and textile waste recycling, colours present big issues.
There are some choices for controlling colour in textile waste such as, collecting
and sorting cotton waste based on its colour to eliminate the colour’ or mix the
waste textiles, generate staple fibres with brownish shades,’” after the
manufacturing process, the blend may likely be bleached afterward to eliminate
colour.®” What happens here, is that the process actually breaks down the dye
molecules that can no longer reflect the light creating the appearance of “no
colour”, but the molecules are still there even though it is not apparent; these
molecules could create some impurity to the fibre and make it difficult to recycle

further and would still interfere with further processes.

5.2.4. Difficulties in sorting and separation

The most critical step toward a circular economy, perhaps, is to transform obsolete
goods back into new ones. Fibres can be recycled manually or chemically, but at
the same time, it is also important to fix barriers to sorting and separating ever-
growing used cloths and waste. Numerous clothing products are a combination of
various fibre materials in today’s fashion practice. To get pure materials and to find
the proper way of segregating blended fibre materials to recycle and reuse them
based on their own properties is a challenge. Reviewing the industry, it could be
assumed that a few numbers of product properties fit more efficiently into the

circular economy than other industries. A 100% organic cotton solid T-shirt without
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any extra attachments to it like a pocket, button, zipper, placement print and patch
label would be much easier than a T-shirt with much complex integrated

components. Sometimes, there is no cost-efficient way to separate the embedded
raw materials using a physical or chemical process without hampering the product

quality.

In the circular economy model, at the beginning of the life cycle of products,
designers usually assign various raw materials keeping their circularity process in
mind. And based on that, they prepare a sequencing model to disassemble them
at the end of the product’s life cycle; but this sequencing model could be
unrealistic or complex to other actors who are actually going to separate the
product materials.”” Sometimes, many complications may arise in the separation
process, for example, while hazardous parts are allowed to disassembile, it affects
the environment negatively rather than being a secure process that was initially

aimed to achieve the original quality and dispose of safely.

5.2.5. Issues in plastic recycling

To begin with, there are several kinds of plastic which make it difficult to sort
properly, for example, when we throw the plastic bags in the particular bin it
generally turns out to be a combination of recyclable and non-recyclable plastic
bags, that unfortunately have to be separated again which might not be performed
again by all other concerned parties. These ultimately will disturb the recycling

steps for its next life cycle.

The available post-consumer collection schemes and material recovery facilities
are usually for rigid plastic packaging since flexible packaging has various
properties and appears to be troublesome during the collection and sorting
processes.”” In addition, because of having a low weight-to-volume ratio, it is not
economically feasible to invest in the necessary facilities.”® Keeping plastic in a

cycle to use endlessly is not practical, it will inevitably end up in a landfill. There
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are limits on how many times plastic recycling can be done. Plastic has fibres and
since we already know fibre shortens and weakens every time it is recycled, that
means it can no longer be used after a certain number of recycling.”’ It is usually

possible to recycle plastic 7 to 9 times until it is not recyclable anymore.

5.3. Environmental and sustainability issues
The Circular economy is one among foremost recent methods of addressing
environmental and sustainability concerns.®” Circular economy and sustainability
are interlaced firmly, where it is tough to imagine a state whence sustainability can
be accomplished without the circular economy. While implementing the circular
framework, it is crucial to provide a particular focus on avoiding waste and
preserving the value of materials. Sustainable clothing brands with a circular
economy-based business model face a paradox since they promote messages of
couscous consumption to change the consumption patterns of customers while

trying to sell more products.

5.3.1. Impacts of bringing raw materials in

In 2018, global fibre production was around 107 million metric tonnes and it is
expected to reach around 145 million metric tonnes in 2030 if business continues
as usual. Also, the growth of cotton production and the creation of polyester
combinedly has a market share of more than 80% of the global textile market,
where cotton accounts for 26.05 million metric tonnes and polyester for 55.1
million metric tonnes.”"' Below figure 4 illustrates the global market share of fibres

production.

22



Other synthetics

6% Cotton
. 24%
Polyamide
5% Wool
1%
MMCFs
6% 107 million mt. Silk
0,1%
Down
Polyester e
52%

Other plant-based
6%

Figure 4: Global fibre production in 2018
(Source: Adapted from Textile exchange, 2019)

But the industry is dominated by cotton, which accounts for more than 43%,
followed by polyester in terms of the clothing manufacturing weight; acrylic, wool
and viscose each makeup about 10% of the industry.?? Figure 5 below shows the

percentage breakdown of consumption by fibre form for the clothing industry.
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Figure 5: Percentage breakdown of clothing consumption by fibre type
(Source: Adapted from European Commission, 2014)

92 Cf. Online: European Commission (2014)
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Cotton is a cellulose fibre, a natural, biodegradable and renewable resource; that
is why it is supposed to be an environmentally friendly fibre.”® In contrast, growing
cotton conventionally is literally one of the significant challenges to the
environment because of its necessity for a notable amount of chemicals to account
for its sensitivity to insects and fungi.”* To grow typical conventional cotton, it takes
a comprehensive number of pesticides. Furthermore, it is also recognized that the
clothing industry discharges high volumes of hazardous chemicals with water into
the environment. For instance, dyeing and treatment plants in this industry are
accountable for around 20% of industrial water pollution globally.”> Considering a
purchase of a 250g cotton T-shirt will imply purchasing 1.7kg of fossil fuel,
depositing 0.45kg of waste to landfill and releasing 4kg of carbon dioxide (CO2).%
The production of plastic is another source of carbon emission within the
environment. Overall, this industry is one of the reasons behind carbon dioxide
(CO2) emissions which are causing adverse impacts on the environment as shown

in figure 6 below.

FIBRE CLOTHING
PRODUCTION PRODUCTION

Figure 6: Environmental consequences of today’s clothing industry
(Source: Ellen Macarthur Foundation, 2017)

Nonetheless, consequential use of chemicals is not the only drawback of
conventional cotton, growing textile fibre also has a significant impact on regional

water bodies. The clothing industry including cotton farming consumes annually 93

93 Cf. Online: Clay (2004)
94 Cf. Online: Chen & Burns (2006)
% Cf. Kant (2012)
% Cf. Online: Well dressed (2006)
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billion cubic meters of water, sufficient to meet the requirement of 5 million people
worldwide.”” In terms of water-scarce areas, many leading cotton-producing
countries are under water scarcity which includes China, India, and US. Around
90% of the fabric, yarn and synthetic fibres are produced in water-scarce regions
in China.”® Also, by 2025, it is forecasted that 1.8 billion people might encounter
water shortage.”” A simple cotton T-shirt requires water what might be compared
to the three years of drinking water of 2,700 litres to manufacture and use and this
is basically enough for one person to drink for 900 days.'"" Figure 7 below
illustrates the volume of water consumption for one cotton and polyester-based T-
shirt.
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Figure 7: T-shirt’s water footprint
(Source: Adapted from Leahy, 2014)

Considering the aforementioned value, the global average virtual water content
can be decided too. Of this total water volume, 46% is blue irrigation water used

by cotton plants. 41% is green rainwater and 14% is grey water used in the

97 Cf. Online: United Nations Conference On Trade And Development-UNCTAD (2020)
% Cf. Online: Maxwell, McAndrew, & Ryan, (2015)
% Cf. Online: UN-Water & FAO (2007)
100 Cf. Online: WWF (2013)
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operations and washing. The virtual water content of a few more specific products

is shown in Table 4.

Standard Virtual water content (litres)

Product Weight (g) Blue Green Dilution Total volume of
water water water water (litres)

1 pair of Jeans 1000 4900 4450 1500 10850

1 bed sheets 900 4400 4000 1350 9750

1 Diaper 75 370 330 110 810

Table 4: Global average virtual water content of selected products

(Source: Adapted from Chapagain et al., 2005)

Compared with cotton, a synthetic fibre like polyester is also popular having a
reputation to be the “workhorse fibre of the industry”.'”' Even though polyester
takes less water and land to be produced, it consumes non-renewable resources
which emit into the air and water causing damage to the environment if it is not

treated before.

5.3.2. Global waste generation and impacts

It has become a global unity to develop a circular economy by promoting
sustainable development. And the complete use of textile and clothing waste
should add contribution to sustainable development. But the natural outcome of
the present clothing production and consumption model is increasing the demand
for fibres and expanding waste.'”” Here, waste is in every stair of the value chain
of a product which is hardly being used efficiently these days. Furthermore, fast
fashion is inspiring consumption and waste generation.'"* It has been also
commonly stated that there are ‘fast-fashion’ products of extra low quality entering
the clothing waste stream which hold much less value. The European textile

industry produces waste of approximately 16 million tonnes per year.'”> Annually,
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around 92 million tonnes of textile waste is being created from the clothing industry
and it is forecasted that it could increase by approximately 60% by 2030."%°

A significant portion of waste generated from the clothing industry is polybags from
plastic film. Now, there are some reasons the industry is settling with this option
instead of using other alternatives. Apart from being energy efficient while
manufacturing and lighter than other alternatives, polybags protect the garment
from dirt, damage, assist in promotion to make more marketable'®” and most
importantly prevent moisture while transporting them from manufacturing units to
end consumers. Because of these desirable physical properties and for low
manufacturing cost, the use of these plastic polybags is increasing thus causing
more waste. Since 1950, plastic manufacturing has increased by an average of
8.5% each year and as shown in below figure 8, around 350 million metric tonnes

are manufactured globally."®
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Figure 8: Global plastic production (million metric tonnes)

(Source: Chalmin, 2019, adapted from PlasticsEurope Market Research Group)

Generally, the use of polybags starts in garment manufacturing units where the
garment suppliers pack the garment with polybags. Now, the number of polybags
they use is another factor. For example, if a brand order for 50,000 pieces of T-

shirt to a supplier, that supplier will order 2% to 5% (based on their worker

106 Cf. Online: Lehmann et al. (2019)
197 Cf. Online: Entrepreneur (n.d)
198 Cf. Online: Chalmin (2019)
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efficiency) more polybags as wastage percentage to avoid last-minute shortage of
polybags; after shipping that order, the re-use of leftover polybags is uncertain. On
the other hand, from an e-commerce perspective, there could be 30% to 50% of
returns of product from customer back to retailer.'”” When the product is received,
it gets unpacked, rechecked and then sent back to the customer in a new polybag
where the old one is usually discarded. These packing operations generate a
significant waste stream at both manufacturing and distribution centres.''” An
additional noteworthy issue is that currently, North America and Europe are
leaning towards transferring the use of plastic polymers and plastic manufacturing
to Asia, where most of the countries do not possess efficient recycling and waste

management scheme.

The discarded plastic bags, bottles, toys, and so on are not the only causes of the
pollution just because they are visible. There are hair-like plastic fibres also
coursing through our environment, called ‘microplastic’ or ‘microfibre’. Besides
other waste problems, this is another significant issue coexisting in the clothing
waste problem, which is happening frequently due to domestic laundry of synthetic
fibre made clothing.''* Apart from the domestic use phases, textile manufacturing
and processing or recycling are another noteworthy sources of microplastic. These
microscopic fibres originate mainly from clothing made of synthetic fabrics, for
example, polyester, nylon, and so on. They can enter the human food chain and
cause threats to human health through inhaling or consuming food.

Furthermore, there are chemical impacts of microfibres on the environment which
includes leaching harmful chemicals, for example, dyes and antioxidants.''* Figure
9 below indicates that microfibre release can occur at several stages in the textile
supply chain and thus can affect human health and impact the environment

through marine, freshwater and terrestrial habitats.
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Figure 9: Potential pathways of microfibres to the environments causing impacts
(Source: Adapted Henry, Laitala & Klepp, 2019)

These environmental challenges also pose threats to economic misfortunes. The
larger part of these depends on how these wastes are treated. In a circular
economy, it is necessary to recycle materials from waste to close the loop but
nonetheless, any type of recycling, whether it is mechanical, or chemicals
recycling to process fibre and turn them into new yarns, consumes energy, thus it

actually means that it is only a way of managing waste, not a way of reducing it."'°

5.3.3. Impacts of reuse and recycling

Worldwide demand for clothing is developing exponentially; at the same time, the
industry is confronting immense natural and resource problems. Because of the
challenges, there are regulatory concerns in growing textile reuse and recycling,
which will drive the handling of textile waste back into the waste management
systems.""” Figure 10 outlines the classification of common ways of reuse and

recycling in the clothing industry.

116 Cf. Online: Aakko & Koskennurmi-Sivonen (2013)
17 Cf. Online: European commission (2008)
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Figure 10: Outlines of various forms of reuse and recycling in clothing industry
(Source: Adapted from Sandin & Peters, 2018)

Increased clothing product reuse and recycling might decrease the manufacturing
of virgin fibres and, within the case of reuse, also discourage further engineering
processes in the product life cycle, which in turn possibly decrease environmental
impacts. These increasing interests in reuse and recycling are also associate with
the increased consideration given to the idea of circular economy.’'® While the
positive effects of recycling and reusing from the clothing industry are apparent,
there are few negative effects where their benefits have yet to be established;'"?

some of the negative impacts are enlisted below.

= Itis not known how much of reusing and recycling of cloths ultimately
compensates for virgin material development and production; likewise,
there are also uncertainties as to whether recycled fibres will replace virgin

fibres since chemical recycling methods are still being developed. '’

118 Cf. Online: Sandin & Peters (2018)
119 Cf. Online: Fortuna & Diyamandoglu (2017)
120 Cf. Online: Dahlbo et al. (2017)
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One of the common concerns is that recycling sites are usually unhealthy
because of vast volumes of textile waste discarded there with hazardous

chemicals which can contribute to the toxication of water sources.

The preparation process for textile reuse and recycling still requires energy;
energies like mineral and electricity; for example, washing and drying of
textiles after collection would lead to energy consumption of approximately
0.65 kWh, with a rise in primary energy consumption of approximately 5
MJ/Kg.

One of the key detrimental consequences of recycling is that the recycled
product does not necessarily have a very long-lasting life and does not

always pose high quality that eventually will lead this product to landfill.

Different used products might have different hazardous chemicals in it and
these substances could affect living organisms while recycling the products;
for example, sportswear, workwear or other dyed cloths may contain
‘biocides’ (for odour prevention and hygiene applications), ‘phthalates’
(used to make plastics more flexible and harder to break), SCCPs (short-
chained chlorinated paraffins) and colourants or pigments with toxic
properties.'“* But the probability of the transition of dangerous substances

to a finished recycled product is low here.

Recycling plastic packaging often poses potential threats to the
environment. The method of dissolving down plastic makes a chemical
called, VOC (volatile organic compounds) which can impact human health,
plant and animal life close to industrial places. Moreover, the heat required
to dissolve these plastics also causes carbon emission contributing to

Global warming.

The textile industry also facing high added cost to clean, regenerate and

source recycle product materials that may not always suit the circular
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design ideas. On the contrary for many African nations, the huge trade in
second-hand garment for recycling had negative socio-economic
implications. Eastern African countries, for instance, Tanzania, Rwanda,
and Uganda have imposed a ban on second-hand garments import to
reinforce their own industries, which had suffered a significant blow

because of recycling imported garments.

5.3.4. Issues with chemicals from the products life cycle

When we go to the store to get our favourite colours’ t-shirt with some cool prints
on it, we usually check the label for price and sometimes see the fibre composition
and wash instruction, what it does not say is that the t-shirt we are so excited
about went through lot of chemical substances. In the clothing manufacturing
process, the total weight of the chemicals used is more than the weight of the
finished cloths; It has been estimated that between 1.5 to 6.9 kg of chemicals are
needed to produce 1 kg of cloths.'“® At the same time, 1 kg of cotton T-shirts
desires almost 3 kg of chemical compounds.'“’ The whole textile sector is a
dreadful user of chemicals for both fibre preparation and product manufacturing
process and one of the lengthy and most diverse industrial chains in the

manufacturing industry.

In the beginning, cloths used to be coloured with natural dyes, but it has a low
colours range and poor fastness; synthetic or chemical dyes, on the other hand,
have good colours range and good fastness.'“” In textile manufacturing, the use of
dyes, both natural and synthetic, is an important source of chemicals and has
great impact on the environment.'*” Tonnes of chemicals are emitted from the
textile industry into the water every year.'”' Most notably, this wastewater contains
a significant number of pollutants that harm our environments, such as colour,

pesticides and heavy metals.
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The adverse environmental impact of dyes exists not only on the fabric dyeing, but
natural fibres can too damage soil and water when disposed of due to the
chemicals used in their finishing processes.'** The dyeing process of fibre
releases chemicals that can still contain colours which are base of metal pollutants
such as chromium and copper; if this is untreated, it can be detrimental to
waterborne lives affecting the human food chain.’** Man-made fibres like polyester
and acrylic uses “Terephthalic acid” and ‘Acrylonitrile’ chemicals respectively in
their manufacturing process that elevates ‘carcinogenesis’, the formation of
cancer. ' Additionally, the chemicals used in clothing also affect the health of
everyone involved in both manufacturing activities and consumption.'*® A synthetic
plastic polymer called polyvinyl chloride (PVC) used in t-shirt printing consist of
softeners such as phthalates that can interfere with the human reproductive
system."”’ Below table 5 attempts to provide a brief scenario of more various
chemicals used in the life cycle of a T-shirt and probable adverse consequences

interrelated with the chemicals in several life cycle stages.

Impact
Life cycle stages Chemicals o
indicators
Pesticides
- Atrazine, mirex, Malathion, Aldicarb
Ecotoxicity

Fertilisers

Fibre production Eutrophication

- Synthetic Nitrogen, Phosphorus o
Human toxicity

Crude oil
- Petroleum
Yarn production
= Spinning Spinning oils, Lubricants, Needle oils Ecotoxicity
= Khnitting Eutrophication
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Wet Processing

= Scouring

= Bleaching

= Dyeing
Finishing

= Drying

* Printing
Sewing

Distribution and

retail

Detergents
- Nonylphenol Ethoxylates, Octylphenol
Ethoxylates

Lubricants

Stabilizers

- Sodium Silicate

Bleach

- Sodium hydroxide-NaOH, hydrogen
peroxide-H202

Dyestuff

- Azoic, Reactive, Direct, Vat and
Sulphur dyes

Salts

- Aluminium, Chromium, Copper, lodine,
Potassium, Sodium, Tungsten, Potash
Alum and Tin)

Softeners
- Alkyl Phenol Ethoxylates
Finishing agents

- Formaldehyde-based finishing agents

Air emissions

Prints

- Formaldehyde-based pigments in
discharge printing

Finishing agents

- Formaldehyde-based finishing agents

Stain removal

- Carbon tetrachloride

Container gas, Fuel combustion

Acidification
Ecotoxicity
Eutrophication
Human toxicity

Salinisation

Ecotoxicity

Human toxicity

Ecotoxicity

Human toxicity

Acidification
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Biocides

Use phase - Formaldehyde (bactericide) and Human toxicity
permethrin (insecticide)
Detergents

. - Formaldehyde, Parabens, Phthalates, = Ecotoxicity
Maintenance phase

. Triclosan Eutrophication
= Laundering .
Softeners Human toxicity
- Phthalates
Waste Pollutants in recycled materials Ecotoxicity
Management Chemicals in water and air emissions Human toxicity

Ecotoxicity — Refers to the toxic effects of chemicals on the ecosystem, for

example, chemicals that get into the environment can lead to biodiversity loss.

Eutrophication — Heavily dyed textile wastewater seriously impacts the

photosynthetic role of eutrophication in plant and aquatic life.

Human toxicity — Indicates the effects on human health caused by direct

exposure to toxic chemicals.

Salinisation — Soil fertility can severely be diminished due to increased

collection of dissolved salts of sodium, magnesium and calcium.

Acidification —Carbon dioxide from the combustion of gas and fuels can enter
ocean water making it more acidic.

Table 5: Chemicals used in a T-shirt and probable adverse effects associated with the chemicals

(Source: Adapted from Roos, 2015; Newman, 2010; Mani, 2019; McKone & Hertwich, 2001;
EUROPEAN SOIL DATA CENTRE-ESDAC, n.d; Natural Resources Defense Council (NRDC),
2009; Textile Guide, Chemsec, n.d.; Environmental Justice Foundation together with Pesticide

Action Network UK, 2007; Kooistra et al., 2006; GTZ, 2009; The Good Shopping Guide, n.d.; Kabir

et al., 2019; Brahma et al., 2019; Gulzar et al., 2019; Acero et al., 2015; Krewitt et al., 2002;

solverchem, n.d; Jain, 2017)

5.4. The trend of global sourcing
The globalisation of clothing sourcing in the fashion industry with different and
scattered manufacturers for a variety of global brands is already established.
Furthermore, the geographical distribution of the clothing business has been

facing a noticeable shift from developed to less developed or developing
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countries.’*® This method of production organization has been captured through

the study of the global value chains (GVC) system where the brands possess high

valued activities for example design, distribution, marketing and retailing at the

same time, sourcing low-cost activities from manufacturers in developing

countries.*” From raw material extraction to finished product manufacturing, most

of the value chain is heavily weighted towards countries like China, India, and

Bangladesh in Asia and other developing economies’“” as shown in table 6 below.

Life cycle stages Operations Global Share
Raw material
production China I
. . Material India N
Fibre production )
processing and European Union M
sourcing United States of America W
Fibre reparation
China I
India
Spinnin
P g Pakistan W
Bangladesh 1§
Yarn and fabric
. China IE—
production
India
Weaving or
Pakistan |
knitting
Bangladesh 1§
Turkey W
China I
. . Dyeing and Bangladesh
Clothing production ~ ~
finishing Turkey N
European Union 1l

138 Cf. Online: MacCarthy & Jayarathne (2010)
139 Cf. Online: Gereffi (1999)

140 Cf. Online: United Nations Environment Programme-UNEP (2020)
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China
Bangladesh

Assembly —_—
urkey

European Union

Europe

Distributi
istribution and NIGR AT
retail .

Asia

Consumption China

Japan

Use phase Africs

South America

Table 6: Global clothing share of production and estimated share of consumption
(Source: Share of production adapted from Quantis, 2018 and estimated consumption from United

Nations Environment Programme-UNEP, 2020)

This global sourcing tendency of this industry is assigned to one of the two types
of the brands; one with their own production facilities, such as clothing brand
Benetton, another one is with no own manufacturing facilities, such as C&A, H&M,
Primark, and so forth."*' For instance, as per the supplier list published on C&A
official website, they have only 4 factories in Germany, on the other hand, they
source the major portion of their products from countries like China with 244
factories, Bangladesh with 146 countries, Turkey with 118 and India with 75

factories.’*?

In terms of sourcing new materials, materials could either be durable, recyclable or
biodegradable depending on the design approach. But these sourcing practices
might cause extra cost. Furthermore, because of the lack of support from supply
networks, many suppliers are disagreeing on the initiatives of the green supply
chain, which consequently leads to high costs and loss of competitiveness.'** For
example, when C&A started their C2C 100% organic cotton-based T-shirt in a

circular paradigm, it took around 8 months to source suitable dyes, at the same

141 Cf. Online: Crestanello & Tattara (2009)
142 Cf. Online: C&A (2018)
143 Cf. Online: Eltayeb & Zailani (2009)
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time, the Indian supplier who was producing this T-shirt, had to import organic
sewing thread from Switzerland which is ten times the price of traditional sewing
thread, causing the final retail price of the T-shirt higher than C&A’s typical T-shirt

price.

In global value chains, clothing products are consumed a long way from the places
where they have actually been manufactured which is again a linear motive.

This linear production and consumption model is hugely wasteful of resources and
has led to unfortunate consequences on the environment because of energy
consumption from transport and additional carbon dioxide (CO2) emissions, as
most of the products are traveling by ship. At the same time, the fast fashion has
really influenced the lead time issue which leads to quick transport by truck or
even by air resulting in a higher carbon footprint.*® At the same time, it is also
commonly cited that more low quality, ‘fast-fashion’ products entering the clothing

market making it more difficult to preserve the product based on waste hierarchy.

5.5. Complications in supply chain
Before a customer buys a new t-shirt, it has already traveled a great distance on
trucks, ships and airplanes and a lot of hands worked for it. Across the globe,
various players are linked together like suppliers, vendors, logistics, and retailers.
To encourage a more effective supply chain, it is important to realize which steps
are included. In a circular economy, products are observed over their complete life
cycle and every step of the supply chain is included in it. Accordingly, if companies
decide to restructure their supply chain for the circular economy, may secure
social, environmental and economic advantage.'*’ In a linear economy, the supply
chain focuses on manufacturing and distribution of mainly non-durable goods and
hardly pursues the closing loops concept.'*® The most significant challenges in
transforming towards the circular economy are the merging with recyclers who

supply high-quality material on the one hand and the producers who buy these
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materials and offer restoration service on the other hand.'*” Nowadays, chemical
contents of product are often managed by the remote supply chain players where
the brands do not have that much access."™" Furthermore, due to complex, long,
and global textile chains, it is also tough to keep track of all the hazardous
chemicals that are being used in the products.'”' Additionally, there are issues in
cooperation and transparency where suppliers and manufacturers merge. It is
difficult to achieve, bringing an effective supply chain into existence with partners
who do not want to work alongside and be really transparent about their supply

chain.

Reliability of supply is a significant prerequisite for many industrial applications for
circularity. But the volume and blend of materials in today’s assortment plans are
variable, which in turn does not make them financially feasible.'~" It seems to be
having some limitations also to find substitutes for fibres what textile industry uses
the most, for example, cotton and synthetic fibres. On the other hand, there has
been an active and growing discussion over the past years about the overarching
new standards, multiplied supply complexity and the increased efforts necessary

in the environmental management of textile chemistry.

Due to globalization, there are improved mobility and transportation systems.
Therefore, circular economy noticeably increases the transport activities and
especially the costs while sending the products to specialized sites for recycling or
reusing in a closed-loop cycle. Krikke (2011) mentioned a case of implementing
this cycle in a printing company’s supply chain, the amount of transportation got
tripled over ten years after implementing it.">* Moreover, clothing companies
demand that there is a limited supply of recycled fibres; on the other hand,
recycled fibres suppliers report that there is a lack of demand from clothing
retailers and manufacturers.'” It seems like there still remains a substantial gap

between supply chain collaboration exercises with a lack of interest from all
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involved stakeholders. These actually result in difficulties of recycled products to

market which consequently will lead to high prices.

5.6. Financial barriers
A lack of capital is often mentioned as a barrier to shifting towards a circular
economy in various literature. In general, any investment in innovations is
regarded to be complicated and risky since the aftermaths are uncertain. The
investment cost for transforming an infrastructure is usually called a high upfront
cost; while executing a circular economy the cost does not stream back because
they are put in the cycle.”® Tracking the resource flows and reforming the life-
cycle of a product is expensive, at the same time some companies treat
production services as a threat to their own business.'”’ At the same time, firms
tend to invest little in greenhouse gas emissions since the investment is costly and
does not necessarily lead to profit in terms of output.'® Furthermore, financing
green innovations and the lack of access to investment funds are significant
barriers especially for start-ups where labour and operations costs, repairs and

logistics are also important.

5.7. Technological barriers
The availability of appropriate processing technology is often a key barrier in
practicing for a circular economy. The technological specification of the circular
product is one of the significant factors to review.'>” The accessibility of the right
technology at every production stage of the circular products is essential to
introduce the circular product in the market. The absence of technological
innovation also restricts the supply of high-quality recycled fibres with affecting
price competition.'®” Furthermore, there is an absence of an information exchange

system and there is a poor distribution system of data among suppliers to put the

40



supply chain together; there are also too few large-scale technological

demonstrating projects available in the current industry.

5.8. Lack of awareness
A greater number of consumers are getting concerned about social, environmental
and economic issues and consequently are willing to act on these concerns.
According to the new “cross-European survey” customers are happy to pay for a
premium of between €2.22 and €4.43 on a T-shirt which was made sustainably.
Even though, still only a few have joined this attitude according to a survey by
‘IBM’ and “Morning Consult” conducted on 1000 adults in Germany, Italy, Spain
and UK. Considering a white cotton T-shirt, Germans are most willing to spend
€3.92 more which is higher than others and UK would only pay the lowest
additional amount of €2.12."°° Thus, this result demonstrates that customers are
willing to spend more but they lack awareness. Although, customers’ awareness
does not always express the shift into sustainable consumption habits due to
various factors, for instance, convenience, affordability, availability and product

performance.

In current consumption trends, if a customer is offered with a product of shorter life
but in less price or a product with a high price but in long-lasting lifespan, will
choose the cheaper option due to “planned obsolescence” ' “> a marketing strategy
which needs to be adapted for the circular economy. Furthermore, there is a lack
of motivation to transform consumption behaviour to concepts like re-using,
leasing and using for a long time. Besides, the circular economy is still mostly
implied as recycling which also has a negative implication for customers having
low-grade fibre quality. Second-hand shopping trend seems to be getting

popularity these days.

In connection with fashion designers, they often lack the understandings of

sustainability challenges, solutions and practices to circular fashion. However,
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even if they adopt the idea of a circular economy, they sometimes struggle to
select correct material and production techniques due to complexities in large

companies.

6. Possible solutions and practices

Based on the analyzed literatures as well as reviewing various articles and
scientific studies from different sources, several potential solutions with real-life
situations to overcome the aforementioned challenges are analysed. These are
further analyzed below.

6.1. Beginning with signature materials
Raw materials in the clothing industry do matter, because of their remarkable
influence across the supply chain. Varieties of goods are booming in the clothing
industry. A wide range of fibres and additives are being introduced every year
which makes a product’s development more demanding. The selection of the right
fibre and other materials selection is one of the main drivers to achieve
sustainability without compromising product performance which will lead to a more
circular economy.'®’ The key here is to break these materials’ complexity, design
out the leakage points by beginning research and develop one specific material or
more signature materials to get pure materials that are more demanding in a
circular economy.'°® It will be much easier for a different player to cooperate on
specific materials across industries. Verifying the ideas of signature products, the
stakeholders can then arise the solutions to second “high potential” items for a
product. ®” This should be easier and quicker than trying on all materials at once.
For example, one can start with cotton fibre since this is the most common type of
material used to make the fabric that is ultimately used to make T-shirts. It is a
well-established material in the clothing industry with high-volume recycling in
practice, but with purity challenges like it suffers from quality loss and

contamination during recycling.
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Then as a second “high potential” material, one can start with polyester since it is
a popular option for retailers and manufacturers and used in high volumes which
currently lacks proper solutions to reuse. In contrast, as in “intimate blending” like
a ratio of polyester and cotton blend, because of their differences in their strength
and weakness, it makes them a perfect combination.'’” Also, by adding the
stronger polyester in the yarn composition, the product life should be extended. On
the other hand, since, currently there are no dissolving or extraction techniques
available in blended fibre, thus emphasizing more on large-scale implementation

of chemical recycling would be other ways to get to circularity.

Bio-based fibres are achieving encouragement as alternative material since there
are significant improvements in the level of energy and material use as well as
resource recycling in using them.'’= Waste crop, bamboo, hemp, marine biological
resource are some primary sources of bio-based fibres; more of this type of fibres’

varieties with their applications are shown in table 7 below.

Fibre varieties Applications
Since cotton is a cellulose-based fibre

and cannot be reproduced into its original

New solvent superstructure after use, it can be
spun Lyocell converted into a dissolving pulp and then
cellulose fibre regenerated into a new textile fibre for

example lyocell. It is used in casual wear
and underwear.

The bamboo pulp is made in fibre wet

New

Bamboo or hemp spinning from bamboo cuts; hemp pulp is
resource .

pulp regenerated made from jute and kenaf; both are
regenerated . . . .

. cellulose fibre suitable for close-fitting fabrics and home
cellulose fibre .
textiles.
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Bio-based
degradable
synthetic
fibre

Bio-based
non-
degradable
synthetic
fibre

Marine bio-

based fibre

Biological
protein

modified fibre

Banana fibre

Pineapple leaf
fibres (PALF)

Polyactic acid
(PLA) fibre

Polytrimethylene
terephthalate
(PTT) fibre

Alginate fibre

Chitosan fibre

Soybean protein
fibre
Wool protein fibre

Milk protein fibre

This fibre is produced from the by-product
of the banana tree and it can be
considered a sustainable option.

The pineapple leaf fibre is from the by-
product of pineapple cultivation and it has
applications in textile, sporting products,
bags, automobiles, cabinets, mats and so
on. Some of the fast-fashion brands like
H&M and Hugo Boss are using it as a
sustainable material.

The fibre uses starch and sugar crops to
create lactic acid and it is then turned into
a fully bio-degradable synthetic fibre
through polymerization and spinning
technology.

Non-food items like casava starch and
glycerin are the raw materials to
manufacture this fibre and is commonly
used in T-shirt, jeans, swimwear and
carpet.

This fibre is made from brown seaweeds
and really helpful in producing highly
absorbents wound dressing.

This fibre is made of waste (shrimp and
crab shells) from the sea food processing
industry. They can be used in textile for
antimicrobial finishing, increasing colour

yields and so on.

This biological protein fibre is a form of
modified chemical fibre that can be made

from soybean, wool, milk and silkworm
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Silkworm chrysalis = and can be used in underwear and home
protein fibre textiles.

Table 7: Main bio-based fibres and their applications
(Source: China National Textile and Apparel Council-CNTAC, 2020 adapted from Li, 2016;
Hildebrandt et al., 2020; Vade, 2015; Motte & Palme, 2018; Asim et al., 2015; Made Trade, 2019;
Reflow, n.d)

6.2. Regenerative farming methods
Regenerative clothing holds the possibility to change the fashion industry by
coordinating regenerative fibre production, which is a sort of farming methods.
Moving to regenerative farming methods for cotton and other cellulose-based
fibres can increase soil-held carbon or organic matter, restore soil structure and
promote biological activity, which ultimately contributes to long-term productivity.
This method can also introduce notable opportunities to reduce cost, the

consumption of water and generate profits.

As we know cotton is not an easy solution and it uses 16% of the world’s
insecticides.'’® The pesticides would then be able to get stored in the cotton which
will get back to the food supply. In cotton production, the usage of non-renewable
resources can be reduced by this regenerative method, which does not utilize
synthetic fertilizers. There are cotton sustainability practices such as “Better cotton
initiatives” (BCI) and ‘Cotton Made in Africa” (CmiA) which encourage agricultural

practices that reduce the use of insecticides and safeguard soil health.

When considering buying a cotton based T-shirt, we usually take decisions based
on colour, size and design but not on the capacity of soil to store or release
carbon, from which that T-shirt’s core material actually originates, that makes a
huge difference. There is a new concept called “soil to soil” where it has been
encouraged for fibre production starting with recyclable cotton, wool, alpaca,

hemp, and flax on farms where the soil is sustainably managed.'’® Shifting from
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organic farming to regenerative agricultural practices would attract various funding
opportunities also.'”” And by investing in regenerative farming methods, the

regeneration will expand, which are supposed to create fashion as truly circular.

6.3. Responsible chemical management
The chemicals are like secret barriers in reaching circularity and as long as the
textile industry does not encounter its relationship with chemicals at the primary
stage, achieving complete circularity would be difficult. Ensuring effective chemical
management in every stage of a product’s life cycle would be like one step ahead
toward circularity. Generally, circular chemistry can bring sustainability to the
complete life cycle of chemical products which can optimize resource efficiency

across the chemical value chain.

Besides minimizing the consumption of resources such as chemicals, the circular
strategy has the ability in producing new supplies of feedstock for the rising
demand in the market. In 2011, the “Roadmap to Zero”, a comprehensive
campaign began as a group of brands to support the whole supply chain with its
“zero discharge of hazardous chemicals-ZDHC” recommendations, platforms and
strategies. Below figure 11 is an example of circular textile flow from fibre

feedstock to clothing from “roadmap to zero”.

Fibre
Feedstock \
/
Garments Fibre
Chemical E——

- Energy

Water
Wet Yarns

Processing

R\
/ h
_ v
= Processing ¥
- Use

Textiles

=& Recover

Figure 11: Example of circular textile flow from fibre feedstock to clothing

(Source: Adapted from “Roadmap to zero”, 2020)
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To encourage efforts to optimise resources along each production stage in the
fashion value chain, “roadmap to zero” are suggesting the below areas to work on

in order to support the circular approach.

= Input: Blocking prohibited hazardous chemicals from entering the circular
value chain by using their ZDHC tools and promoting the understanding the
sustainable chemistry concepts.

= Process: Supporting traceability and accountability as well as providing
guidance on the anticipated recovery of chemicals from the manufacturing
process.

= Output: Allowing the transition to a more circular approach from single-use.

The followings are some possible frameworks of managing chemicals responsively

within the textile industry.

6.3.1. Understanding the chemicals

The goal of understanding the chemicals here is to detox the textile industry using
the right chemicals. Another important fact is, not all chemicals are harmful; at the
same time, we also cannot be so sure about safe chemicals even if they are from
an ‘organic’ or ‘natural’ source.'®' Therefore, since chemicals used in production
can affect the circularity potential of finished products,'“* an important strategy for
circular economy initiatives could be about understanding those chemicals first so

that one can act accordingly.

6.3.2. Identifying and reducing the use of toxic chemicals

Reducing the use of toxic chemicals is important and an effective chemical
management scheme can help to offset the use of these chemicals with greener
substitutes.'“” In order to replace hazardous chemicals, textile manufacturers use
2 common formats of prohibited toxic chemical lists. The “Manufacturing
Restricted Substances List (MRSL)” developed by ZDHC Roadmap to Zero
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Programme, addresses hazardous substances used and released into the
atmosphere during the manufacturing process.'** On the other hand, the
“Restricted substances List (RSL)” aims the chemicals from the finished product to
assist regulatory compliance to product quality requirements. For example,
REACH (Registration, Evaluation, Authorisation and Restriction of

Chemicals). There is another organization called the “Apparel and Footwear
International RSL Management” working group, whose aim is to reduce the use

and effects of hazardous chemicals.

The key step here is to limit the use of hazardous chemicals within the clothing
manufacturing industry. ZDHC Roadmap to Zero Programme launched a new
version 2.0 ZDHC MRSL chemical Guidance Sheets in 2019. Below table 8
attempts to show a number of restricted chemicals, which may be found in a T-
shirt as well as the conformance guidance as per ZDHC MRSL version 2.0. This
conformance guidance includes a chemical formulation limit, at the same time,

bans the “Intentional use” of the restricted chemicals.

Restricted Chemicals Formulation Limit
Alkylphenol
Ethoxylates (APEOs) - Nonylphenolethoxylates
Used in: Spinning (NPEO)

oils, scouring agents, - Octylphenolethoxylates 500 ppm
detergent and (OPEO)
softeners
- Antimony Dyes 50 ppm/ Pigment 250

ppm

- Cadmium (Cd) 20 ppm (50 ppm for

Heavy Metals pigments)

Used in: Various - Copper Dyes 250 ppm

pigments and dyes.
- Chromium Dyes and Pigments 100 ppm
- Lead (Pb) 100 ppm
- Zinc salt 1000 ppm
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Amines from azo

dyes - 3,3-dimethoxylbenzidine
Used in: Various - 4-chloroaniline 150 ppm
pigments and dyes - 4-aminoazobenzene
containing azo bond - o-anisidine
(-N=N-)
- Di-iso-decyl phthalate
Phthalates (DIPP)S
Used in: Plastisol ink 2 ethyihexyl) phthalate
- ) (DEHP)? Sum of substances 5 = 250
for printing on fabric .
- Di-isononyl phthalate ppm
surface, detergents, 5
lubricating oils (DINP)
- Bis (2-
ethyl(hexyl)phthalate
Organotin - Tributyltin (TBT)
Compounds - Triphenyltin (TPhT) > ppm
Used in: Plastisol
prints, plastic trims, , )
biocide and - Dibutyltin (DBT) 20 ppm
pesticides.
Volatile Organic
Compounds (VOCs) - Benzene 50 ppm
Used in: chemical
preparations, product
cleaning process,
screen print inks, - Xylene 500 ppm
plastic trims.
There is no permitted usage
level mentioned till now in
ZDHC MRSL version 2.0, but
Formaldehyde

they intend to put regulation
on the acceptable levels in
their next version.

However, the intentional use
of this chemical compound is
currently prohibited.

* ppm (parts per million) mass of chemicals per unit volume of water.

Used in: Printing and also in finishing process to
give certain qualities, for examples, wrinkle and
crease resistance in finished product.

Table 8: Probable restricted chemicals in a T-shirt with use guidelines

(Source: Adapted from Brigden et al., 2013; Roadmap to Zero Programme, n.d; CDC, n.d; Brigden
et al., 2012; Cargo Handbook, n.d; Fraser, 2018; European Union, n.d; Sutthivaiyakit, 2005;
Patagonia, 2012; green river tech, 2000)
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6.3.3. Chemical inventories

An inventory of the chemicals is required in order to track the chemicals which are
used, carry out risk assessments, avoid excess supplies, and warn responsible
personnel about possible risks.'*® At the same time, a sound chemical inventory
system with environmental considerations will lead to good purchasing practices,
which as a result will help to minimize material use and prevent excessive use of

hazardous chemicals.

6.3.4. Good Housekeeping
To limit the negative impacts of chemicals on the environment and people as well
as to save cost, there are some suggested housekeeping activities that should be
practiced.

= Acceptable care and cleaning activities.

= Prevent chemical or untreated wastewater leaks and discharges.

= Promote work and health safety as well as energy conservation.

6.3.5. Traceability and transparency

Both transparency and traceability have often been troublesome across the entire
supply chain but ensuring reliable traceability would offer the utmost
transparency.'”' Typically, chemical formulations are a combination of several
chemical ingredients which might contain unintended impurities or harmful
substances. Chemical manufacturers only unveil regulated chemicals if these are
above a certain limit, based on the type of chemical, between 0.01% to 1% of the
entire concentration; and since, the amount of finished garment is usually high,
this implies that the hazardous chemicals will possibly add up in the environment
at the end and harm consequently.'”* Transparency to the chemical ingredients in

chemical details is very much important.
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Blockchain, a specific type of digital database is being applied over various
industrial settings including fashion companies, for example, Hugo Boss is using
this technology to upgrade traceability and transparency within their supply
systems.'”” Additionally, appropriate certifications will encourage with improved
transparency, for example ‘GreenScreen’ for safer chemicals and “Cradle to
Cradle” certifications that require full disclosure and documentation of the

ingredients used in a product.

6.3.6. Wastewater management

It is evident that in order to survive, humans and other living organisms require
water, besides that, water is also necessary for human’s economic activities. Most
importantly, in 2010, water and sanitation were perceived as human right in the
general assembly of the United Nations.'” But, failure to treat wastewater
efficiently poses significant challenges. Fast and foremost, a good wastewater
management system starts with avoiding dangerous chemicals from entering
water followed by proper legitimate treatments. The composition of wastewater
from chemical use depends on certain factors, such as the type of fibre, fabric
construction, textile finishing process, type of chemicals used in the process and
type of treatment strategy applied; therefore, wastewater must be treated in such a
way, so that it does not harm human and environment.'*® Following approaches
for wastewater treatment are already in practice in a beneficial manner for both

environment and the economy.

6.3.6.1. Industrial treatments methods of wastewater from textile

Dyes are organic compounds utilized to dye yarn, fabric or even complete garment
and are usually harmful as well as soluble in water."””” There are around 200,000
tonnes of dyes are lost in effluents every year while operating dyeing and finishing
processes due to lack of efficiency.'* It is difficult to removed dye from

contaminated water with the help of conventional treatment techniques due to
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dyes resistance to exposure to light and water.'”” Fortunately, there are some

methods like photochemical degradation, adsorption, flocculation, ozone

treatment, electrocoagulation, and so on have been widely used to remove dyes

from aqueous solutions.“"" There is another water purification process called

reverse osmosis (RO) which can be used to recover around 80% of textile

dyehouse effluent.

Physical Methods:

There are some frequently used physical methods such as absorption,
filtration, irradiation and ion-exchange.“"~ Because of high dyestuff
removing capacity and low cost, these processes are widely used in the
industry.“”” Adsorption method to exclude toxins from effluents could be a
good option because this procedure may generate treated wastewater of

good-quality.

Chemical Methods:

Physical methods are not always appropriate in order to remove dyes
entirely, it requires additional care to remove solid waste. Here, chemical
methods are used because of their conveniences. A common chemical
process is “flocculation and coagulation” which is used to extract the

organic pollutant.

Biological Methods:

Comparing to physical and chemical methods, biological approaches are
more green strategies in order to remove dye from textile effluent at
minimum expense and time."" Industrial wastewater contains numerous
microorganisms like microbes, bacteria and yeasts who use pollutants as

their ‘food’ and as a result, the pollutants get broken down into small and
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less complex molecules which makes these pollutants easily detachable

from textile effluent.

6.3.6.2. Wastewater treatment by agricultural by-product.

Apart from the above methods, environment-friendly utilization of by-products from
agriculture would be useful in treating wastewater due to their accessibility and
performance in removing numerous undesirable pollutants.” The Pongamia pinnata
tree’s bark and banana peels can be applied for the removal of heavy metals for
example cadmium and lead from effluents.“"” It is also possible to use peels of
citrus lemon to remove anionic dyes for example “Methyl Orange” and “Congo
Red” and garlic peel to remove “Methylene Blue” from aqueous solutions.

6.3.7. Recover, Reuse and Reduce

The circular economy approach can be applied in the wastewater treatment
sector'' by saving, recovering and reusing resources from wastewater, which will
lead to environmental impact reduction.“' Today’s innovations in wastewater
treatment can make the water reusable by human, even the treated water may be
drinkable as well. But the most widely cited hurdle is what has been called the
“yuck factor”, a mental fact that has strong implications on decision making to
accept or refuse a specific use of recycled water.“'> Nonetheless, considering the
value of water and substances from effluents as a resource, there is a wide range
of options to apply the circularity approach.“'* An example could be the “Honouliuli
wastewater treatment plant (WWTP)” facility, established in Oahu, Hawaii, which
can handle 26 million gallons of wastewater per day, generate 12 million gallons of
recycled water per day and supply to golf courses of Oahu island, agriculture and

cooling towers in the industry.“'> Some current practices and developments in
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recovering and reusing as well as reducing the consumption of resources are

shown in table 9 below.

» Lanoline, an organic and renewable raw material may be
recovered from the effluents obtained during cleaning the
wool. Also, the grease recovered from the woollen industry
can be sent to automobile industries.

Recover = A nutrient, zinc can be reclaimed from the waste generated in
the viscose rayon process with the help of ion exchange,
precipitation and floatation.

= Salt recovery from textile dyehouse could bring another
opportunity like reusing this salt in dyeing and finishing plant.

= The common uses of recovered wastewater are agricultural,
industrial, urban, environmental or purposes.

= As an on-site reusing strategy, rinse water and wash water
from bleach baths can be reused.

Reuse = With the help of the “carbon adsorption” treatment method,

carpet mills can cycle 80% of about 350 gpm (gallons per
minute) of wastewater back to the mill.

= The residual material, called sludge is a by-product of a
wastewater treatment facility that can be used as fuel.

» To reduce water consumption there are machines or related
equipment for dyeing, scouring, bleaching and washing which
will eventually save energy.

= Furthermore, using solar energy to heat water for dyeing could
help saving other non-renewable energy.

= Development in biodegradable enzymes can help reducing

Reduce water consumption since it dissolves in the softening process
and washed off gradually.

= There are developments in salt-free dyeing in cotton with
reactive and direct dyes which can save water and process
cost.

= Using digital inkjet printing for textile printing could help
reducing water and energy consumption as well as cost.

Table 9: Resource recovering, reusing, and reducing the consumption
(Source: Adapted from Rearick., 1995; Guerra-Rodriguez et al., 2020; Alkaya et al., 2011; Pandey.,
2020; Kumar et al., 2020; Singha et al., 2012; Gupta., 2001)
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6.4. Sustainable trends in dyeing
As the textile dyeing industry is considered as one of the major water consumers
and the traditional technique needs more water, it then produces more
wastewater.“'® In order to dye 1 ton fabric, it requires approximately 200 tonnes of
fresh water.”'” Due to growing development in dyeing technologies, there are

some sustainable options available which are briefly described below.

6.4.1. Natural dyes

A gift of mother nature is a natural dye, assumed to be not detrimental to the
environment, which makes it so fetching these days. It is forecasted that the sales
value of natural dyes will hit $5 billion by 2024. Natural dyes are generally
biodegradable which means effluents from using these dyes are easily
acceptable.“'® Naturals dyes are made from several natural sources; a brief detail

with few examples is given in below table 10.

Sources Achievable colours
Kermes insects(red) Red

Animal based Beetles from Cochenille plant Carmine Red
Sea snail (violet) Violet
Grape leaves Yellow, Green
Turmeric Yellow

Plant based Logwood Deep Purple
Onion Brown, Orange
Blueberry Purple

Mineral based Red lead Red
Malachite Green

Microbial and Lichens Purple

Fungal based Penicillium species Yellow, Red, Orange

Table 10: The sources used for natural dyes
(Source: Adapted from Deutsche Welle — DW, 2019; Merdan et al., 2017; Lagashetti et al., 2019;
Botanical colors, n.d; Verma & Gupta, 2017)
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Natural dyes are not always sustainable; they need plenty of areas of fertile lands,
sometimes even more water than synthetic dyes need. More recycling and better
waste management and most importantly continuous innovation may lead us to
our precious answers we are looking for.“'” A start-up clothing company “ZEST N
ZEAL” sells organic cotton T-shirts dyed from natural sourced dyes such as fruits,
leaves and regenerative vines without any chemicals.“<” This company is also
claiming that the water they are using to dye the fabric, the generated water is
being reused for irrigating coconut plantations.““' A German-based company
‘Dr.Petry’ specialised in the development and production of textile auxiliaries,
developed a new range of pigments called ‘PERICOLOR ECOQO’ that are mainly
made from mineral sources and they are not water-soluble and resistant to

chemicals.

6.4.2. CO2 dyeing - waterless

The Dutch company called ‘DyeCoo’ introduced a textile dyeing solution which
does not use any water, instead, it uses carbon dioxide (CO2). This method is
being called “CO2 dyeing” or “waterless dyeing”. It has the potentiality to be a
sustainable, efficient and profitable process; that is because this technology does
not have to process water to make it chemical-free.”** This dyeing technique is
currently limited in polyester fabric and developments are going on so that nylon
fabric can also be dyed in the same machine. To dissolve dyestuff, carbon dioxide
(CO2) is heated and pressurised to make it supercritical carbon dioxide (sc-COz)
which is a form in between liquid and gas. The carbon dioxide (COz2) which are
already used can be reused too up to 95%. Moreover, the dyeing method uses
less dyestuff and less energy due to using zero water.”=* Efficient use of dyeing
with no wastewater treatment makes this method economical as well as provides
geographical freedom to set up this dyeing facility any water stressed region.

Overall, this supercritical carbon dioxide (sc-CO2) is an encouraging alternative to
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current dyeing practice for its identical colouration, economic influence and

environmental advantages.

6.4.3. Airdye

A California-based company ‘Colorep’ developed ‘Airdye’ technology that uses up
to 95% less water, 86% less energy, and contributes 84% less to global warming
than traditional dyeing and printing techniques.*" The process works by
transferring dye from paper to polyester fabric using a printing machine® with no
post-production treatment.“=” The papers and dyes used in this method can also
be reused.

6.4.4. ColorZen

Colorzen introduced a pre-treatment process for the cotton fibre that gets cotton
more responsive to dyestuffs. It allows the cotton to consume even more dye
during the actual dyeing operation without using more water, toxic chemicals, and
energy. With the help of this technology, a cotton garment is said to require up to
95% less chemicals, 50% less dye, zero salt, and 90% less water-°' and the water

left after dyeing can be reused too.

6.4.5. Dope-dye

Another environmentally friendly innovative method is dope dyeing which is also
called “color spinning fibre” or “pre-spinning dyed fibre”. In this process, colour is
added into the spinning solvent then the fibres are spun to get the dyed fibre. That
is why this process has great influence on the reduction of water and energy
usage. It can also reduce carbon dye emissions. The fibre generated from this
process is treated as a “Green Fibre”. At present some synthetic and regenerated

cellulose fibres can be prepared with the help of this dyeing technique.
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There is an issue with this process; fibre manufacturing factories are used to make
colourless pure fibres, but since this requires various colour involvement, there is a
matter of cleaning the factories, that is why dope dyeing is considered as a ‘dirty’
process what factories do not prefer to use. And this leads to higher “minimum
order quantity” requirements which are about 10 tonnes. Therefore, fashion brands
need to work on their buying decision while preparing colour-wise quantities every

season, if they want their suppliers to use this technology.

6.4.6. Additional breakthrough
= Dyes from synthetic biology
Synthetic biology is a scope of science that is evolving fast and has the
limitless opportunities in the field of the textile dyeing industry. Producing dyes
from naturally born bacteria has been treated as an alternative sustainable
option to regular synthetic dyes and this option has the possibility to reuse raw
materials in cheaper and faster ways by saving a lot of energy which can be

adopted well into the circular economy.

As an approach to eliminate the use of water and chemical in dyeing process in
cost effecting way, a biotechnology company from the United Kingdom,
introduced a synthetic biological approach where they use bacteria from nature
to dye textile. At first, they collect bacteria from nature, and then by working on
its ‘DNA’ sequence and getting the genes into an engineered microorganism
they can produce colours. They use by-products from sugar production as the
feedstock for the process. And for the dyeing process they use non-toxic,
renewable chemicals and microorganisms to transfer and bind the colour in

fibres with far less water than the traditional dyeing process needs.

Researchers of the University of California are working on genetically modified
dyes for denim. In this process, at first, a colourless organic compound called

‘indican’ is produced from a bacteria called ‘E.coli’, after that with the help of
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the enzymatic treatment process the ‘indigo’ colour can be produced without

any harmful chemical.

In the future synthetic biology has the potentiality in advancing towards energy
and chemical production and environmental protection.=*° This “living
technology” even has tremendous possibilities for gaining control over the
entire life cycle of bacteria, if we become successful in designing synthetic

biology without upsetting our ecosystem.

= Dyes from textile fibres

An ltaly-based sustainable dyestuffs manufacturing company named
‘Offician+39’ prepared a dye range called ‘Recycrom’ in which they can make
pigment dyes from recycled garments with the help of natural chemicals.
Through a sophisticated production process, fibres are crystalised into pigment
dyes in the form of an incredibly fine powder that can be used in both natural
and mixed fibre. Which is a great initiative in the concept of reusing and

recycling the clothing.

= Cationic cotton:

Cationic cotton is a pre-treatment process for cotton to make it more suitable to
allow dyes to bond with fibre which leads to dye, chemical, water, and energy
utilisation more efficiently. Normally, raw cotton stays neutral or mildly
negative-charged, but after this pre-treatment, the cotton becomes
permanently positive-charged. Even though this process is already in use for
several years, constant development is going on in order to find more
sustainable ways to reduce water and chemical consumption.”*" A chemical
company, ‘Dow’ developed new cationic chemistry named “ECOFAST Pure”
for the technology of cationic cotton. This new treatment technique can

consume 50% less water and dyes as well as and reduce dye times which
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leads to 40% less energy.~*“ Furthermore, it does not generate any unpleasant

smell once the treatment is completed.

6.5. Bringing circularity in plastic packaging:
The simple concepts here are to design plastic packaging in a way it can be
recycled without sacrificing its intended purpose and ensure a proper collection
system to all points so that it can be recycled, reused, or even composted; these

are further analysed below.

6.5.1. Choosing the right material

Design characteristics of plastic packaging need to be addressed wisely, for
example, integrating pure “Low-density polyethylene”, recycled or compostable
alternatives into the plastic packaging and ensuring the use of additional right
materials. In general, manufacturers use inks on plastic packaging for warning and
branding text as well as adhesive to close the bag. But ink can lead to ‘greyness’
during recycling which makes the process difficult to get a ‘transparent’ look, a key
feature of polybag.“** More eco-friendly and recyclability-oriented inks and
adhesives would contribute to achieving success in the recycling process. A pilot
plant was set up by a technical company named ‘CADEL Deinking’ where they
developed a unique method to extract printed ink from the plastic surface without
modifying it.“*> There are some associations such as the “Plastics Recyclers
Europe (PRE)” as well as the “Association of Plastic Recyclers (APR)” introduced

some similar design guidelines for plastic packaging which are as follows.

= The Main body of packaging should be in “Linear low-density polyethylene-
LLDPE” or only in “Low-density polyethylene-LDPE”.

= Use water-soluble adhesive which can be dissolved at 40°C to 60°C.
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= Need to avoid using inks“*“ or at least the inks should be non-toxic and non-

bleeding to avoid contamination.

6.5.2. Preferable option - Recycling

Even though plastic recycling has some limitations, this option seems to be more
preferable choice these days. However, first and foremost, in order to obtain the
title ‘recyclable’, there are several requirements imposed which relate to plastic
packaging. The Association of Plastic Recyclers (APR) and Plastic Recycler
Europe (PRE) published below 4 conditions as recommendations to declare

plastic packaging as recyclable plastic packaging.

= The product must be produced from plastic that is processed for recycling,
has commercial value, and is supported by a scheme required by
legislation.

= The products are sorted into specified phases for recycling purposes.

= Products can be processed and recycled with commercial recycling
methods.

= The recycled plastic turns into raw material that can be used to producing

new goods.

Solid waste treatments basically depend on the technologies like landfilling,
incineration, and recycling.””" ‘PlasticsEurope’ called for a ban on landfilling plastic
to attain the circular economy in plastics where several nations are planning to
execute this ban.>* Therefore, landfilling here would be playing a minor role. In
terms of recycling, a Brussels-based NGO “Zero Waste Europe” showed 4

benefits as below to choose recycling over incineration technology.

= Recycling spares energy
= Recycling is more adaptable and effective

= Recycling is more profitable

61



= Recycling creates more job

Recycling is seen as an influential way to ease the use of commodity plastic and
environmental impacts from the ever-growing production of plastic.>* The most
common method for plastic waste recycling is mechanical recycling, also known as
secondary recycling which can recover the solid waste for reuse.=>” A study
implies that adequate amounts of separated collected plastic wastes can be
effectively recycled where the recovered material can substitute the virgin polymer
(the purest form of plastic).=>° But, the problem lies within quality, since the
produced quality suffers from a significant quality loss, a downcycling.=’ these
downcycled polymers, however, can again be used to make different types of
product and it is also possible to make the original product using the mixture of

recycled material and virgin material.

A circular economy desires suitable innovations such as chemical recycling to
recycle a huge amount of plastic packaging wastes effectively.~>” Chemical
recycling can provide identical products to the products that have been replaced
as well as can turn plastics into new industrial feedstocks for further use.~*' With
regard to process engineering, chemical recycling has less purity requirement in
comparison with mechanical recycling.“< In addition, a study showed that all
chemical recycling procedures could mitigate the consequences of global warming
and demand for limited fossil resources if only the input of plastic packaging
wastes can be sorted in the first place.**” There are different types of innovations
in chemical recycling being advanced for recycling plastic packaging into virgin

quality polymers, for example;

62



= ‘Pyrolysis’ or ‘gasification’ can break down the material at raised heat in the
absence of oxygen and produce some sort of oil; and this type of oil can
also be used to produce new virgin quality polymer.=** The World Economic
Forum, The Ellen MacArthur Foundation, and the McKinsey & Company
published a report where this recycling technology is anticipated to have the
potentiality to bring closed-material loop for unrecyclable packaging
items.

= “Solvent-based chemical recycling”, where the solvent is used to extract the

polymer to reuse.

Unfortunately, these technologies are still in the early development stage~*’ and
some are expensive t00.-°° Therefore, it is hard to determine now if these could be
the solutions we need to bring full circularity in plastic packaging. In the future,
though, it is worth providing more attention to the broader range of chemical
recycling in order to recover higher proportions of mostly mixed plastic waste and
thereby prevent material getting into incineration and landfilling.-” Close
collaboration with entire value chain and brands as well as governments

involvement is necessary.

6.5.3. More viable options

Besides using plastic packaging waste as a resource to reuse through recycling,
focusing on using less plastic material would be feasible but it will lead to thinner
polybags and in reduced size.“’” An American clothing brand, ‘Patagonia’
investigated about reducing the size of polybag, turned out, they could save
plastics of 50,000 pounds each year; but since the reduced size in polybag might
affect the appearance of the folded garment, they suggested to work on garment
folding guidelines to get a better outcome.“’" This practice might be useful if the
polybag still can maintain its protective features also. A premium lifestyle clothing

brand ‘prAna’ already started practicing this method by adapting their folding
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guidelines, in addition to that, they tie the garments with raffia cord (fibre from
frond leaf) as shown in figure 12, to keep the garment in good shape across the

product’s entire journey in the supply chain.?’?

Figure 12: The folded garment of prAna, tied with a raffia cord
(Source: SALABER, 2020)

Another way could be eliminating the use of individual polybag per garment and
instead pack multiple garments in single master polybag (a bigger version of
single/individual polybag) as shown in below figure 13 and 14. A clothing brand
‘Everlane’ trialled putting 50 T-shirt in a master polybag instead of packing each of
them in a single polybag which is a good initiative but as soon as the master
polybag was unpacked in the warehouse, they were struggling to keep garments
clean,”’® especially in online platform this problem happens now and then.
Introducing effective product handling and distribution system in every collection
point like, factory finishing department, as well as retail warehouse, distribution

centre and retail store would reduce these problems.

Figure 13: Each garment is packed individually
(Source: Epyllion Style Limited, 2021; Munford, 2020)

272 Cf. Online: Caputo (2016)
273 Cf. Online: Segran (n.d)
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Figure 14: Several T-shirts packed in one master polybag
(Source: Epyllion Style Limited, 2021)

In contrast to using less polybag, what if the clothing industry decides to remove
this plastic packaging item from its entire supply chain; it might also be a great
step towards circularity. But there is a possibility to face ‘mould’ problem on
garment because of not having sealed polybag. Shipping the polybag-free
garments in more durable and reusable containers and maintaining special
environment during the journey from factory to brand’s distribution centre could be

a sustainable solution.?’*

Based on the strategic plan for a circular economy, the European Commission
outlined that by 2030, all plastic packaging in the European market needs to be
reusable or recyclable and the commission will focus on developing regulatory
action for the growing market for plastics with biodegradable properties.”’> The
reusable polybag option may be more useful in the future, where there are local
manufacturing sites close to end markets with high return rates of plastic polybag
from end customers.?’® Regarding biodegradable plastic, it has the same features
as traditional plastic and provides further advantages, for example, reduced
carbon footprint.”’” Besides opportunities this biodegradable plastic brings, there

are risks also. Due to lack of appropriate conditions not all biodegradable plastic

274 Gf. Online: Szaky (2014)
275 Cf. Online: European commission (2018)
278 |bid., 11.
277 Cf. Online: Barker (2018)
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fully degrades“’® and some causes problem in the recycling process.
Conducting more research, educating consumers,“*” and promoting investment
and innovations may eventually prepare this promising option for plastic packaging

in future.

6.6. Self-assessment tools
To achieve a circular economy, first, textile industry needs to measure its actions
toward circularity. Building and following the circularity indicators or KPIs can help
to identify its hidden strength and vulnerability by providing market information,
supporting to make sourcing decisions, managing resources, and creating
accountability over the entire supply chain; and then textile industry can identify
and evaluate circularity performance.““ Some available self-assessment tools are

described below which may offer practical potential to achieve circularity.

6.6.1. Higg Index

The Higg Index was initiated by a non-profit corporation, the Sustainable Apparel
Coalition (SAC), formed by a group of retail fashion brands, industry affiliates, and
trade associations. The aim of this initiative is to provide a suite of structured
sustainability assessment tools to fashion brands, retailers, and other facilities.
Based on the sustainability performance, Higg Index will assess and include the
scores for the company or the product which enable companies to take the right
measures for the improvement of environmental and social problems across the
entire value chain,”** which may lead to a great advancement towards a circular

economy.

Circularity could be a fundamental approach to ensure transparency and minimize
the use of limited resources and to achieve that Sustainable Apparel Coalition

(SAC), Global Fashion Agenda, and Federation of the European Sporting Goods
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Industry (FESI) set up a “Policy Hub on Circular Economy”.“*> One of the key
recommendations of this Policy Hub is that the EU policymakers need to support
the capability of Higg Index in designing strategies to ensure a circular economy in
textile industry.~*® The Higg Index is divided into three modules: The Brand, A

Facility, and A Product Module, that are combination of a suite of tools such as:

a) The Higg Materials Sustainability Index (MSI): the concept of MSI was

initially developed by Nike by following years of research and study.
Sustainable Apparel Coalition (SAC) adopted it for the Higg Index.=®" The
Higg MSI calculates environmental impacts of materials based on a large
amount of various information related to material from the fashion and

home textile industry.

b) The Higg Product Module (PM): The Higg PM tool is a life cycle

measurement tool that offers applicable information to determine the

effectiveness of products and supply chain in 5 impact categories:
= Global warming potential » Fossil fuel resource depletion
= Water scarcity =  Chemistry

= Eutrophication

c) _The Higg Facility Social & Labour Module (FSLM): The Higg FSLM allows
facilities to ensure safe and fair social labour conditions of workers in the
value chain by evaluating facilities’ performance. It can help reducing a lot
of costs involved in auditing the facilities if one follows the scored
assessment and works accordingly to improve. The impact areas the Higg
FSLM assesses are:

=  Working hours » Health and safety

= Compensation = Worker engagement

=  Worker treatment and advancement Value chain performance
= Empowering people and = Termination

communities
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d) The Higg Facility Environmental Module (FEM): The Higg FEM is a

sustainability assessment tool that informs brand, retailer, and manufacturer

about their facility’s environmental performance. The Higg FEM

assesses.

Environmental management systems

Energy use

Greenhouse gas emissions

Water use

=  Wastewater
=  Emissions to air
» Waste management

= Chemical management

e) The Higg Brand & Retail Tool (BRM): The Higg BRM tool measures the

efficiency of brand and retailer throughout their social as well as

environmental parameters

Management system -
Product .
Supply chain .
Packaging .

Use and end of use

6.6.2. Circulytics
Circulytics, introduced by the Ellen MacArthur Foundation together with their

by analysing the following life cycle phases:

Retail stores
Offices
Transportation

Distribution centres

global partners, is a complete circularity analysis tool that helps businesses to

calculate their circularity and shows to what degree they have accomplished

circularity through their entire business operations by highlighting ways to better

integrate circular processes further.

As described below, the Circulytics scoring

system works by applying a 3-steps weighting technique which comprises 36

sustainability indicators in the total assessment.

= 1St step: sustainability indicators are chosen and then used them to

calculate a weighted average for 7 main themes:
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1) Strategy and planning

2) People and skills

3) Systems, processes, and infrastructure
4) Innovation

5) External engagement

6) Inputs

7) Outputs

= 2" step: Another weighted average is calculated for 2 category-level
ratings:

1) Enabler: measures the future circular potential of a company with
qualitative indicators for instance, how much effort is being made to
be more circular, whether the company is ensuring training and
whether invests sufficiently.

2) Outcomes: measures how circular a business is currently by
evaluating for example, whether a company can procure raw-

materials and design products that support circular economy.

= 3" step: Finally, a single representative Circulytics score is produced.

According to Ellen MacArthur Foundation, more than 30 companies have already
been evaluated by this tool and more companies are accepting this approach in

order to calculate their circularity.

6.6.3. Made-by
The Made-by is an environmental benchmarking tool launched by Brown &
Wilmanns Environmental (bwe), particularly for fibres. It analyses the
environmental impact of the most widely used fibres in garment manufacturing
industry. This tool measures based on 6 parameters:

1) Human toxicity

2) Eco-toxicity

3) Energy
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4) Water
5) Land

The Made-by also developed a progress monitoring tool called “MODE Tracker”
which offers a holistic overview on issues what fashion industry can use. It
evaluates progress in areas such as packaging, transport, product, and

production.

6.7. Collection and sorting for reuse and recycling
The clothing finished product collection system has been set up for quite a long
time and is a very much demonstrated case of circular business model, in which
product and material life is prolonged through reuse or recycling. Clothing
collection bins at stores and recycling points are getting appreciated these days in
many countries. The Garment Collection Program is a global initiative by some
renowned clothing brands like H&M, C&A, Kappahl, Nudie! Jeans, Lindex, and so
forth. C&A started their in-store and online take-back program known as “we take
it back” by awarding consumer with a 15% discount on next purchase after the
used garment collection.“”® As reuse and recycling initiative, in 2019, H&M group
collected 29,000 tones of cloths which is comparable to 145 million pieces of T-
shirts. H&M collects cloths in stores from customers which intends in three phases
— Re-wear, Reuse, and Recycle.””” As a commitment to circular business
approach, Lindex offered cloths collection program in its all stores by training their

design, buying, and production team in circular product designing.

After the use phase, the life of clothing or material is not finished, they can be
collected and transported to recycling plants to be sorted. The best quality items of
them can therefore be sent to a second-hand shop for resale or maybe to charity
shops and the rest of the items can be recycled or re-manufactured to add value
and resale as fashionable clothing; implementation of this scenario would require

allegiance from government, customers and new technology.””' Additionally, It is
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important to pay attention to seeking cheaper ways of reusing and recycling to
make these practices acceptable to customers. Moreover, precise sorting requires
a great deal of accuracy. It is not that hard to recognize a T-shirt from a sweatshirt,
but with regards to a quality piece of clothing, explicit inquiries must be taken into
consideration, for example, type of T-shirt, fashionable or outdated model, for
female or children and if the T-shirt is of premium quality or low quality. On the
other hand, concerning clothing waste, there are three European pilot projects are
introduced: the ‘Fibresort’ (Holland), ‘SIPTex’ (Sweden), and ‘Resyntex (Germany)
which are currently sorting large volumes of mixed product or material waste
according to fibre type and colour.””~ Also, ‘BlockTexx’ a clean technology,
Australia-based company is leading a global movement toward the circular
economy by recovering polyester and cellulose fibre from textile and clothing and

turning clothing waste into sustainable products.

In terms of plastic packaging, there is a need for an innovative collection system at
all points where polybag waste is produced, particularly at fashion brands’
distribution centers and retail stores. A proper collection scheme in plastic
packaging from every point can assess the level of contamination present in the
collections entering into the sorting facility, which will also be helpful in plastic
recycling process later on.”"* Besides, that, ensuring individual brand’s
responsibility can enhance this collection, sorting, and recycling practice. The
North Face initiated a recycling scheme in partnership with a recycling company
called “Terracycle’ to actively collect and recycle the polybags which they are

consuming and discarding.

6.8. Reverse network
The potential value of the circular economy is not always only about recycling the
used materials, this value is covered within the maintenance, reuse, restoration,
and remanufacturing of the materials and products; therefore, these reverse

setups are equally important, and companies can master the system
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administration of complex and multitier supplier networks to apply it in post-usage
value streams across various reverse cycle partners.*"° In regard to mapping the
system for one product, companies need to be careful to evaluate cycles which
would bring most benefit. Figure 15 below, represents a very simplified layered
supplier network for a T-shirt model and draws out the unique choices for the
reverse cycle. Now, it needs to be decided whether it is better to use or sell the
whole T-shirt as a used product or use its components to make a new one,
because making a new t-shirt with another t-shirt component may not be feasible
currently. Conversely, if all element ought to be sent to the factory for extracting
fibre from it, as this could be done in one simple shipment rather than organizing a
lot of advanced operation involving disassemble and remanufacturing.””” This
depends on the reliability of the supply and equal importance goes to the
comparable cost advantage of setting up effective post-usage loops with business

partners, versus producing new components and using pure materials.

Production

Sub-component &
’

Product

Usage

L J
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o

Reuse : T-Shirt
Refurbish

Post-consumer

Figure 15: Utilization of reverse logistics as forwarding logistics, T-Shirt example

(Source: Adapted from Ellen Macarthur Foundation, 2014)
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6.9. Eco-Industrial Parks
An eco-industrial park is a common ground or land where various companies are
situated in which, through unifying industrial activities, businesses seek to gain
improved and efficient economic, social and environmental performance; this is
also known as industrial symbiosis, which is a way of helping businesses to
achieve competitive advantage by sharing or trading resources like energy, water,
and by-products from manufacturing process for the sustainable growth
eventually.””” These parks can be identified by distinctive names including
industrial zones, special economic zones and industrial corridors; all of which have
the same purpose like performing industrial activities.”'” Table 11 below shows
combination of commonly used terminologies that are related to the practice of

eco-industrial parks.

ECO INDUSTRIAL PARK
SUSTAIBABLE (SPECIAL) ECONOMIC ZONE
LOW CARBON < TECHNOLOGICAL > AREA
GREEN INVESTMENT CLUSTER
CIRCULAR MANUFACTURING ESTATE

Table 11: Universally used combinations of Terminologies in relations to Eco-Industrial Parks
(Source: UNIDO, WBG & GIZ, 2017)

In the modern manufacturing landscape, eco-industrial parks can play a key role,
especially with respect to improving the efficiency of resources and reducing the
negative environmental effects of industrial production.”'' The idea of circular
economy on the other hand relates to an industrial economy having a zero-waste
approach for our resource-constrained world. That is why the realization of eco-
industrial parks can be treated as a tool to implement the circular economy at the
industrial level.”'= Furthermore, within this industrial park, waste generated from
one unit or industry can be a resource for another unit which can ensure “zero-

waste”, closing cycles, and eventually maintain the circularity.”'> As an industry
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collaboration platform, eco-industrial park can also be of huge support to
overcome challenges like lack of information and high transaction costs and most

importantly, companies can find collaborative partners.*'*

The hypothesis of Eco-industrial parks has been first introduced in 1992, Rio de
Janeiro at the United Nations Conference on Environment and Development
(UNCED) to reunite economic performance and environmental sustainability.*'”
The prototype of industrial symbiosis network was first introduced in Kalundborg,
Denmark by establishing “Kalundborg Eco-Industrial Park” where companies can
cooperate to use or share the by-products or services of each other.>'° As an
example, below figure 16 illustrates the material sharing flow among different

plants in Kalundborg eco-industrial park.
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Figure 16: Material sharing flowchart in the Kalundborg Eco-Industrial Park
(Source: Marian R. Chertow, 2000)

There are many other eco-industrial parks which can be found all over the world.
There are Rotterdam Harbor based in the Netherland, Pomacle-Bazancourt Park
from eastern France, the Deux Synthe Park from northern France, and so on.*"’

To gain a steady foothold in the international textiles and garment export markets

314 Cf. Online: Ellen MacArthur Foundation (2015)
315 Cf. Online: UNCED (1992)

316 Cf. Online: Marian R. Chertow (2000)

317 Cf. Online: Planete-energies (2016)
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Ethiopia has set up “Hawassa Industrial Park” in Hawassa city, southeast of Addis
Ababa with Zero Liquid Discharge (ZLD) facilities.”'® There is Tianjin Park from
Beijing, China comprised of 14,000 various companies like automobile, information

technology, food, and petrochemical industries.

China promoted the circular economy at the beginning of 2002.°<" The State
Environmental Protection Administration (SEPA) of China approved the
establishment of the first national eco-industry demo park in Nanhai which
includes industries such as textiles, construction, ceramics, and electrical
equipment to overcome the environmental challenges of the recycling and green
economy.”<' Furthermore, China prepared a leading action plan where they
proposed two approaches to accelerate circular economy transformation. The first
way is about reshaping whole value chain by stimulating eco-design, green and
renewable resource consumption, as well as developing raw material formation.
The other one is about developing industrial system with the help of circular
production, industrial parks development for circularity and circulation among
industries in the park. Besides that, the state council of China put a work plan into
effect to establish “waste-free-cities”. These promising steps will accelerate the
circular economy in China. Following figure 17 is a circular economy development
model developed by china to see how multiple industries can work in an eco-

industrial park.
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Figure 17: Circular economy basic development model for textile industry in China
(Source: The State Council of the People’s Republic of China as cited in CNTAC, Ellen MacArthur
Foundation & Lenzing, 2020)

Circular economy plans have been able to link the development of eco-industry
with cleaner production strategies for the implementation of a circular economy in
certain regions in China and this shows that the eco-industrial parks are linked to

the success of a circular economy.

6.10. Investment for innovations and infrastructures
As one of the key success factors, the circular economy needs significant
investments in a number of fields, from funding start-ups working with innovative
circularity concepts to developing large-scale recycling and waste management
infrastructure. It is very much clear that, we must invest in research,
infrastructures, and developing technologies which will allow consumers to make
safer choices. But the investment in new infrastructure is crucial in transitioning to
a circular economy and currently the funding that will serve as a foundation to shift
to new circular business models noticeably surpass what is preferably available.
For example, by 2050, an estimated $3.5 trillion valuation of investments are

necessary to maintain global warming by developing “Clean energy
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infrastructure™?> A body of United Nations, UNCTAD projected on an average
$3.9 trillion of investment is required annually until 2030 to reach the “17
Sustainable Development Goals” exclusively for developing countries; it also
showed that only public investment projects account for 36% of this investment

leaving a gap of $2.5 trillion as shown in below figure 18.%*°

Total annual Current annual Annual
investment needs investment investment gap

Figure 18: Projected yearly demands for investment in developing countries
(Source: United Nations Conference On Trade and Development - UNCTAD, 2018)

It can also be noticed that private-sector’s funds are getting increased these days;
The number of private sector funds with a focus on the circular economy has risen
10 times from 2016 till the beginning of 2020,°*” which is illustrated in figure 19

below.

—o— 9
0O

0—0O0

2016 2017 2018 2019 2020

Figure 19: Number of private market funds from 2016 to 2020
(Source: Ellen MacArthur Foundation, 2020)

The global market for green chemistry is predicted to hit US$167.1 billion by the

year 2027 according to ReportLinker,**® which will be creating more prominent

325 Cf. Online: Freke (2019)
326 Cf. Online: United Nations Conference On Trade and Development - UNCTAD (2018)
327 Cf. Online: Ellen MacArthur Foundation (2020)
328 Cf. Online: ReportLinker (2020)
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ways for chemical suppliers to cash in on their internal circularity. Therefore, they
should need and initial investment to obtain green chemistry principles such as
waste prevention, energy efficiency growth, renewable feedstocks use, and so on.
These adoptions have a good chance to be offset because sustainable products
increase demand.”<” Additionally, according to Accenture, the circular economy
may contribute to an additional $4.5 trillion economic value by 2030 out of
worldwide business,”*" and that also needs accessible investment. Different kinds
of finance providers are available in the market to provide access to these
investments in order to create innovative clothing and enable businesses to take

circular measures which are described below.

6.10.1.Banks or lenders

Banks and other lending institutions can contribute to the transformation towards a
circular economy by providing credit instruments. “Sustainability-linked loans”
(SLLs) have been introduced with low-interest rates to finance the business who
are maintaining the sustainability key performance indicators (KPI).”** As one of
the first companies, PRADA signed a 5-year “sustainability-linked loan” with Crédit
Agricole Group for €50 million and their interest rates for this loan will be adapted

yearly based on the status of meeting sustainability targets.

6.10.2.Commercial investors

Commercial investment sometimes can have long-term investment range
comprised of specialist growth, private and project equity finance firm with having
a focus on developing circular economy infrastructure.”** Furthermore,
infrastructure investors require technical knowledge like chemical recycling of
clothing waste which in many cases they lack including the understanding of the
circular business models; these characteristics are really important to have to

provide financial support.”*> An example would be “Closed Loop Partners”, a firm
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who focuses on the development of circular economy. They financed ‘Evrnu’ a
textile company for innovations who focuses on fibre technologies made from

thrown away clothing.

6.10.3.Non-commercial finance providers

There are institutions or entities whose investments or financial support are not
mostly intended for commercial advantage and their contribution to the circular
economy may contribute to creating necessary infrastructures. European
Investment Bank (EIB), one of the most significant multilateral lenders of green
finance contributed €2.5 billion to co-finance the circular economy projects in
different sectors and initiated a collaborative effort of €10 billion to facilitate the
transition into circular economy.””’ “European Investment Bank” funded for
“polyester staple fibre” (PSF) production facility from polyethylene terephthalate
(PET) bottles and expansion of existing waste recycling infrastructure in a project

called “Green Group” in Romania.

6.10.4.Corporate venturing

Corporate venturing involves setting strategic collaborations with external ventures
like start-ups or scaleup companies from outside the organization°” where the
organization invests the corporate funds and supports to achieve mutual growth.
In 2015, the “H&M Foundation” a non-profit organization launched the “Global
Change Award” program to accelerate the method of innovations and recycling
strategies which can help making the whole fashion industry circular.”" Also, H&M
together with other service-providing companies like RGE Pte Ltd from Singapore,
‘Virala’ from India and ‘Fortum’ from Finland invested and provided support to a
Finland based sustainable fibre manufacturing company called “Infinited Fibre

Company” to scale up its fibre manufacturing technologies.”* ‘Patagonia’ invested
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in “Mango Materials” a renewable bioproducts company to produce biodegradable

material from waste that is a substitute for polyester.

6.11. More innovations and initiatives driving circular economy

A full-scale formation of a circular economy can be facilitated by continuous
innovations and initiatives that will also make sure to get a closed-loop system,
reduce waste and carbon footprint.”** A closed-loop system is assumed to be
achievable through repair, recycling, reuse, maintenance, and a more durable
design. Hong Kong Research Institute of Textiles & Apparel (HKRITA), introduced
an award-winning project called hydrothermal system focusing on closing the loop
which can process blended materials like cotton-polyester composition and
separate them into fibres.

Previously it was impractical to recycle clothing made of cotton technically, but
Fraunhofer Institute for Applied Polymer Research (IAP) has been successful to
create a viscose fibre from recycled cotton; the end fibre consists of pure cellulose
which makes it eco-friendly as well as this fibre fits for large-scale production.
There could be one option to give a product a new life by buying a vintage
clothing, but in the long run, clothing has a limited lifespan, since they are often
thrown away at the end of their life cycle.”*’ The circular economy operation
includes the proper use of the product to lengthen the life cycle. And by prolonging
the life cycle of the product with the help of designing, repairing, and
remanufacturing, the product value can be maintained.”*® Smart clothing also
ought to be treated as an innovation for circular economy transition, because it
may encourage the customer to expand their clothing utility and to propose a new
lifestyle. And to bring that encouragement, there could be some kind of attachment
between the customer and product by bringing some functionality in the product.

Most people tend to keep certain items longer if they have a stronger bonding to
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those items.”*” Likewise, increasing the utilization of smart clothing, it is
fundamental to make personal bonds along with technical means to expand the
products’ actual utilization cycle. Multifunctional fibre materials designed with a
special coating, to meet the specific requirement through custom-made properties
is of great interest as technical means. When this smart coating is in accordance
with the future economic model “made to be made again” or “designed for circular
economy”, they ended up of endless industrial significance.””” Furthermore, when
innovative fibres are introduced to increase garment usefulness, it also needs to
be ensured that this does not diminish recyclability. An innovation called
nanotechnology within clothing business is not a brand-new wonder. Some

clothing companies started working with silver nanoparticles in their products.

Especially, the inferior properties of cotton fibres and yarns can be upgraded by
engineering the physical, chemical, and surface, to create the desired properties,
for instance, softness, durability, and breathability.”>' And this nano-infused
product range could extend from socks to T-shirts.”>“ If a T-shirt is considered with
these smart functions, the T-shirt can have stain-resistant coating which will
reduce the number of washes needed throughout its whole life. These
technologies are still at the development stage, however, expect to bring changes
in the customer behavior of using cloths. Furthermore, smart clothing would allow
sorting machines to identify fibre types and decide the next steps for processing

with no significant loss in fibre quality.

In May 2017, at Copenhagen Fashion Summit, 64 leading fashion brands signed a
commitment to accelerate the transition of circular fashion system in the world’s
economy.”>* As a sustainability effort with the motto ‘#wearthechange’, C&A
introduced worldwide first gold level “Cradle to Cradle” certified T-shirts which are

of 100% organic cotton with 100% non-toxic chemicals.
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H&M in partnership with Ellen MacArthur Foundation is driving the transition to a
circular economy in their business models by producing cloths from more
renewable sources as well as arranges campaigns that bring brands, suppliers,

and government representatives together.

Concentrating on recycled cotton, polyester, and wool, Inditex triggered new ways
of research in collaboration with the Massachusetts Institute of Technology (MIT)
to improve the way of recycling the fibres and they also developed
Refibra™Lyocell fibre from cotton clothing waste in partnership with Lenzing, an

Austrian company.

The Italian luxury fashion brand, ‘PRADA’ proclaimed that it will stop using fur in its
products and after a month, the band launched a line of six bags made with
“Econyl regenerated yarn” which is made from recycled plastic and clothing fibre

waste.

A tech-based company, ‘Teemill’ has developed a circular production operation
that converts a used T-shirt as a newborn T-shirt by using new technology across
whole life cycle of the product.”>” They also make sure to use environmentally
friendly and most importantly plastic-free materials in their T-shirts as well as in all

the packaging.

Fashion companies are working in educating the customers to take care for their
products to make them survive longer while decreasing the environmental collision
throughout the use stage. 21% of climate impacts due to clothing occur once the
product left the store and during the use phase, therefore, H&M is providing eco-
friendly detergents, sewing kits, deco-patches, innovative washing bags, and care
advice to the customer to prolong their cloths.”°' Nudie Jeans is offering free repair

service in their repair store and sell repair kits as a contribution to further stretch
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their products’ life cycle.”°= Another solution introduced by ‘DUPONT’ is an
integrated safeguarding system against colour loss, odor, and fibre degradation to
help the fabric of a product smell fresh and stay clean which ultimately encourages

customers to use their product longer.

As an attempt to take control of plastic packaging waste, Nike launched the
polybag collection program called “Bag to Better” at their distribution centers from
where they give the used polybags to a plastic recycler who recycles them into
shopping bags.”** ‘Patagonia’ is also doing the same, moreover, they collect

plastic mailers from their customers through postal service or retails stores.

As a supportive solution for both environment and business, the government can
offer incentives like reducing VAT or ‘Tax’ for services which intends to prolong a

product’s life, for example, services like specialized washing and repairing.

6.12. Efforts on consumer awareness

Customer perception of fashion is usually more prevalent than the concerns for the
environment. That is why their environmental or moral concerns do not all the time
reflect in their buying behaviour.”°” Their purchasing decisions are sometimes
unjustifiable and not always well associated with their values,”*°. And, since
consumer habits are fundamental and ultimately, they decide how to dispose of
their garments, therefore, this should be a prerequisite to strengthening the
knowledge of consumers on sustainable value chains through putting efforts like
doing campaigns on consumer awareness to support circular transformation. In a
similar case, the Waste and Resources Action Programme (WRAP) from UK is
working collaboratively for campaign implementation. WRAP as a work of the
“Sustainable Clothing Action Plan (SCAP) introduced a consumer campaign called

“Love Your Clothes” which is investigating consumer states of mind to the
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products and influencing them to avail more sustainable viewpoint in order to
reduce the impact of clothing on the environment.”*” Besides this, WRAP also
does “consumer clothing survey” every year about their buying behaviour, use and

the way they toss out their cloths.

Furthermore, to transform purchasing intentions into changed purchasing
practices, clothing brands can emphasize consumers to set individual targets by
goal-setting campaigns.”’' For example, a charitable organization ‘Oxfam’
launched a campaign termed “Second hand September” for the consumer to take
a pledge to “shop only second hand for 30 days or more” which will allow cloths a

longer life including contributing to poverty by charity work.

Summary

Giorgio Armani, an ltalian fashion designer, once said, “| have always thought of
the T-shirt as the Alpha and Omega of the fashion alphabet”. No matter what outfit
one wears it with, jeans, shorts, or even a skirt, it is never going to go wrong. It is
also possible to create an entire outfit based on a simple tee.”’” In 2019, this
everyone’s must-have clothing item totaled US$47.3 billion in global sales, where
specifically the value of cotton T-shirt accounted for around 68% of the overall
exported T-shirts.”’* But it has been made perceptible that, current linear product
design on this huge demand of T-shirts has poor chances of reaching sustainable
development for the future. Necessarily, the circular economy system got more
consideration and is evolving which should make the circulation and cascading of

product and materials at most of its value for the longest time.

It should be possible to produce a T-shirt, designing with 100% organic cotton
fibre, grown based on regenerative farming method with safe materials like non-

toxic dyes and chemicals with the help of innovative dyeing technologies.
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Eventually, the end product could be a fully compostable t-shirt after the customer
is done using it, which will lead to reduced environmental impact. But if we truly
want to embrace the circular economy, we will have to get out of this throwing-out
mentality. Same principle applies to T-shirt with other cellulose, bio-based and
synthetic fibres. Apart from proper chemical management and reducing the use of
water and energy leakage, there must be the focus on designing a T-shirt with
inputs that are safe and renewable in order to achieve longevity and cyclability so
that, eventually, it can be reused and recycled too. In terms of reusing, if the
clothing brands can make their T-shirts’ durability more attractive to customers, the
customer will use this T-shirt as long as it can serve the purpose. And, when the T-
shirt can no longer be worn, it should be returned to the right channels so that, it
can be resold or reused further and recycled safely. Now, the issue is, after a long-
term use, a simple T-shirt could be too dingy and shabby to resale or even to
donate without any recovery treatment for further use. But that does not mean it
will have to end up in the landfill. From the viewpoint of recycling, a material
recovery approach must be applied. Clothing industry should be able to upcycle or
at least, downcycle this T-shirt such as making another T-shirt by achieving
original value or use the recycled material to produce another garment with
maintaining appealing and financial value for the market. Currently, practices like
innovative and high-quality recycling of clothing are still in limited scope, which
needs more investment in technologies and infrastructures development. In the
meantime, if clothing industry adheres to producing T-shirts with as few pure
materials as possible, it would be easier to close the loop by recycling the T-shirt
in a reverse network, for example, in terms of fibre, keeping it in 100% cellulose or
synthetic fibre based. Because adding blended and varieties of materials may
make the recycling process more complex with current technologies,”’> which
might lead to again more energy loss and waste generation. Furthermore, the
main goal should be making a t-shirt circular besides making it sustainable which
will lead to more reduction of environmental impact of clothing industry.
Responsible chemical management can also contribute to this impact reduction.
Likewise, it is important that plastic packaging that is not returnable to nature need

to be taken at a cycle which does not produce waste or release to nature. Thus,
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maintaining natural capital by managing limited resources, maximizing resource
return by distributing materials with their highest value and dealing with negative
value from the product and material design could all contribute to achieving
circular economy. Furthermore, circular economy is not only for materials, but
should be sustained for the whole system with the help of continuous economically

viable innovations and cooperation of every stakeholder in the entire supply chain.

There is still a tricky issue for companies, which is to offer customers with a fair
price range on a product that follows the principle of circular economy. Even
though some companies are adopting this concept, some are still struggling to find
this concept profitable for their business. At the same time, due to the lack of
compelling regulations to impose this practice, companies still have the freedom to
decide whether to be sustainable or not. However, it should also be noted, that
there is a strong potential for sustainability to increase demand.”’® A survey
conducted by McKinsey found that social and environmental sustainability are
getting important to customers and will be a significant factor in their purchasing
decision by 2025.°'" Because of this transformation of customers’ taste to extra
durable and recyclable product, more and more companies are realizing the
advantage of circular economy model and have already begun working to create
more value in the product, looking for new market opportunities and reducing the

material costs.

Conclusion

In the circular economy, dealing with waste is no longer an option; reuse and
recovery of raw materials should be prime choices. These concepts have clearly
appeared in the clothing industry but for certain niche markets.”’” As it also can be
noticed that the number of sustainable product consumers is increasing which still
appears in a niche market. Additionally, as cloths from circularity practice tend to

be costly, the market for those products is also treated as a niche market. At
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present, it might also be challenging to move forward with the circular economy
concept toward mass-market even with the smart and innovative solutions for
sustainability. Nevertheless, still, the entire textile industry would have to go a long
way in transitioning to circular economy unless it changes the way of operating
business activities. As Albert Einstein put it “We cannot solve our problems with
the same thinking we used when we created them?”; therefore, in the world of
increased competition with the perception of more design, more production, and
more sales, the circular economy could be our best chance to achieve global

sustainability if we can rethink and then redesign the way we produce.

Future research

Post-consumer textiles, which are not recyclable, are one of the primary sources
of waste. Future research could be needed on product designing to find ways to
reintegrate those waste into the product, at the same time, more research is
needed on sustainable alternatives for harmful chemicals which are being used in
the product manufacturing stages. In addition, further studies may also be
performed to extend the clothing lifetime in order to generate much use of the

clothing.
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